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ANDA 74-229

AJG 30 1996

Zenith Goldline Pharmaceuticals, Inc.
Attention: Joan Janulis

140 LeGrand Avenue

Northvale, NJ 07647

Dear Madam: e

This is in reference to your abbreviated new drug application
dated June 25, 1992, submitted pursuant to Section 505(j) of the

Federal Food, Drug, and Cosmetic Act, for Nadolol Tablets USP, 20
mg and 40 mg.

Reference is also made to your amendments dated January 25, 1993,
May 6, 1993, October 28, 1993, January 14, 1994 October 20, 1995

October 25, 1995 and May 2, 1996. S

’

We have completed the review of this abbreviated application and
have concluded that the drug is safe and effective for use as
recommended in the submitted labeling. Accordingly, the -
application is approved. The Division of Bioequivalence has
determined your Nadolol Tablets USP, 20 mg and 40 mg, to be
bioequivalent and, therefore, therapeutically equivalent to the
listed drug (Corgard”'rablets, 20 mg and 40 mg, respectively, of
E.R. Squibb and Sons Inc.). Your dissolution testing should be
incorporated into the stability and quality control program using
the same method proposed in your application. B

Under 21 CFR 314.70, certain changes in the conditions described
in this abbreviated application require an approved supplemental
application before the change may be made.

Post-marketing reporting requirements for this abbreviated
application are set forth in 21 CFR 314.80-81. The Office of
Generic Drugs should be advised of any change in the marketing
status of this drug.

We request that you submit, in duplicate, any proposed
advertising or promotional copy which you intend to use in your
initial advertising or promotional campaigns. Please submit all
proposed materials in draft or mock-up form, not final print.
Submit both copies together with a copy of the proposed or final
printed labeling to the Division of Drug Marketing, Advertising,
and Communications (HFD-240). Please do not use Form FD-2253
(Transmittal of Advertisements and Promotional Labeling for Drugs
for Human Use) for this initial submission.
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We call your attention to 21 CFR 314.81(b) (3) which requires that
materials for any subsequent advertising or promotional campaign
be submitted to our Division of Drug Marketing, Advertising, and
Communications (HFD-240) with a completed Form FD-2253 at the
time of their initial use.

Sinqé&ely yours,

Douglas L. Spdrn

_ ‘ ﬁ%&@@}
Director

Office of Generic Drugs
Center for Drug Evaluation and Research
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. c . ~ NADOLOL
. TABLETS,: USP

DESCRIPTION ) .
Nadolol is a synthetic nonselective beta-adrenergic receptor blocking  agent as et 3-{{5.6.7.8 Y
M.?-dimdmxy-‘-nanhmwmm-z-uwanol. The structural formuta is:

OH
CartrNO: MW, 308.41

wsamnmm.mm.mm.nsmwnm.hm,mnmﬂmmumnm.
Nadolol is available for oral administration 25 20 mg. 40 mx. 80 mg. |mm.mmnmuw=nummnmzmm.
colorants (DAC Yeliow No. 10 Aluminum Lake. FDAC Bive No |mmAwwuonmmme,wm.
mmmm.mw.uwm. mmmmmnnsmmmm.

CLINCAL PHARMACOLOGY

ms:-—mmmmm.w shafirs have beta-biocking activity by showing (1) reduction
hmmmmmnmwmuﬁ-.mmammmﬁmm:mmmm.mmaw
MMN(I)WNWMMA X

4 mmmmmhmwm:-mmnmmwmnm
fwscie nd the betas reCepiOrs located chiefly in (he bronchial and vascufar mu inhibiang the ic. inotopic. and responses

dlocking .
wmmmmmmmmmmammncmmmm.mnmmmmw
mmmmuwwm.mmgs.mwmamammummmnnnmmnmmmm
other organs and tissues. Nadolol has low iicity as ined by partition coefhciont, .
mmmmmnmmmmmmmmmm.mmmnmm‘.n-nm‘uu
of CNS-related side effects.
meumwwmm‘nmu:nmmwmmwmmmnsnmmmmmwmmmum.mmm
tor approximately 24 hours fter dosing.
The ism of the ive effects of bet: 'mmmmmmmm;w.mmmmm
inchede (1} it ism of s nmuﬂ(mn%)mﬁmm(&mﬂﬂywﬁx)mnmmm,
(z)wammmmwmmm-mmmmmm,mmmemmwmdmmaMmm
recoptors responsible for renin release from the kidneys.
mmwmmwmnmwmm,mwnm.mummmmmmmm
fitration rate.

Athough beta-adrenergic i
viw,mw.hmmmwm,mmmmmmmm.mmmmsm
wmAvmwmmwmumu arctivity on Betar ' L tronchial
Lz [ g with - - mmmwnwummmmm
bronchodilatrs in such patients.
mmm-mmwm‘swu‘mmmm.mﬂmwmaumwmwmmmwrm
mwmﬁmﬁmmmmmmmmwmumnnuNMumuwm.wm'ynm
of the nadolol present in serum is raversibly bound to plasma protein.
ummmmmqm,wsmmmwmmmsmmm,mwmw
-WMMMMMM:MHW“M.MMM.W%GM _ L
mwmthmmm(mmnmmmnmmwnwmmu:munm

in SiX 10 nine days with once-daily mmmwmmm.mmwmmmmmm‘m
mwmummwwm,

of angina and, in some cases, infarction and L y mmmwmnmwmm
with beta-adrenergic mnmmwwmwm.wmummnmsmxmmmm
has resulted in transient sweating, L mmm.mma:ummmnmmmmm

mmmmmmmummmmm

IMDICATIONS AMD USAGE
WM-WMmmmmmw-mwmmmmmm.
W-mmmmwmnmwmmmmm;amummwh ination with other anti agents,
CONTRAINDICATIONS

umsmmmhwmmmm,msmmywdawmmwmmmwm.mmmm
(se0 WARNINGS).

WARNINGS

Cardiac Falture - - may be a vita i wmmwnnmuesmmmmmm.mnsmm
wmmmmmm&n.Mmmmuwnmmmmmm.nnum.mmu
wmmmmmamummnm,mmwmmumﬁs.mwmuodmuwmsanm
mmmmdwmmm.
INPATIENTSWITO!XHMISTORYOFWMlu'!‘wnvuad-seolmmm,hsomuses.uadwwdiulailum.mmlm,ameﬁm
ma.i:wma of heart faikre. <nwmuwmmnmmmmmm,mwmum '
{gr: , it possible).

SNCNTAT DY

34

Exsoerbatien of schemic Hesrt Dispass Fellowing Abwupt - sty 10 has been observed in pationts withdrawn
mmmmmmumm.nmm.mﬂmmmm;mwmmammmm-w
When dé i ' nadokl, nmmmmnmw.maowsmmuamwwm»oum
awmmmmwwuwmumm,lmmmovumemmnwmsmicmydmhos.m
mmmumm,-mm.mn--swwmmrmmwmnMummmmm
buwm.m-msmuwmmmumdmmmmam';mﬂ.hmwwmm

isummmmmum‘nmhmmnm—ﬂwnuwymnmmmmmmmm.

.9, chresic . PATIENTS WATH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE
BETA BLOCKERS. Nadolol should be aministerd with CRAon Snce & may block jon produced by e sti

of beta, feceptors.
Ilhvm-Becammmmhﬂdumnm»*meMnmmmdgmmmmw
procedures, resulting i ub-um:w.-mmmwmmmmymmmm:mmmms




Dishetes and Hypogiycomls - mmmwmmmwmnmmummmw.ﬁ(n tactycandia and blood pressure
changes) of acule hypogiycemia. This important with Labile dhabetxcs. mmmmmm&o«Mmmnm
therefore, nmhw!oammmolmmaws
- Beta-adrenergic blockade may mask certain chnecal SIONS (€.9.. tachycardia) of Nyperthyroudsm. mnsswwmumyrmm

mnmnwmaeﬁqmmnummmmmwmmmm.w
PRECAUTIONS
mwmm-m Nadoiol should be used with caufion in patients with impaired renal ftunction (see DOSAGE AND ADMINISTRATION)

Information ler Patients - Patients, especially thase with evdence of coronary artery insuificiency, shoukd be wamed against imeTuption of discontinuation
ol nadolol therapy without the physician's adwice. Although cardiac failure rarely 0CCUTs in property selected patients. patients being treated with beta-adrenergic
tlocking agents should be advised to consult the physician at the first sign or symptom of impending Laiture. The patient should also be advised of a proper
mursemme:vemuunmdvmmlymsedﬂose

Drug - When the fotiowing drugs may interact with beta-adrenergic receptor blocking agents:
ics, general - of the jon induced by general anesthetics (see WARNINGS, Majer Surgery).
Mmumm;vs(ualmmdmnm hypoglycemia of hypesglycemia; adiust dosage of antidiabetic drug accordingly (see WARNINGS, Disbetes sad
Hypogiycemia)
and/or excessive ia (¢... vertigo, syncope,

mummma)nwugs(eg , reserpine) - additive etfect; monitor clogety for eviden
postural hypotension]

Response to Treatment for Anaphylactic Reaction - While taking beta blockers, patients with a history of severe anaphylactic reaction to 3 variely of aliergens
may be more reactive to repeated chalenge, either accidental, diagnostic, or therapeutic. Such patients may be unresponsive to the usual doses of epinephrine

used 10 treat allergic reaction.
of Fertility - in chronic oral toxicologic studies fone W two years) in mice, rats, and dogs, nadolol did not produce
any significant toxic effects. In two-year oral carcmogenic siudies in rats and mice. nadoiol éid Aot produce any neoplastic, preneoplastic, or noaneoplastic
3 ity and OOV agverse effects

potntal was mnwdmm
There are no asequate and wel-controliod SKeches o1 DrEGRIN WOMEA. wm-ummmtummnﬁsnm
risi 10 the fetus. Neonates whose mMothers are recening Aadolol 3t hove ohibied

Podiatric Use - Salety and eflecoveness in chikiren have a0t bean estabisshed.

ADVERSE

Mos! adverss efects have been mild and Wransient and have Tarely required withdraeal of Sheragy. »
Cordiovascutar - BradycCardia with heart rases of less than 50 beats per minute ocours Commondy. 2t heart rates below 40 boats per mise anA/Or SYMPIOMAtc
umm--mmzumm mummﬁm wsually of e Raynaud type. Rine occurred in approwmately
2 of 100 patients. Cardiac faiure, ave each ocasTed ; about 1 of 100 patients. Single instances of first
mmmmmmr—mwmuuvm:amﬂndmmmmmmm

and PRECAUTIONS).
Central Norvews Systom - Dazimess or tatigue has been reported in approcimately 2 of 100 patients; paresthesias, sedation, and change in behavior have
mmmnmcuvmm

mm Bmmum been reported in approximately 1 of 1000 patients (Ses COIVRANDICATIONS and WARNINGS).
Gastroimtestingl - Nausea, diarhea, vomiting, ion, anorea, bloating, and flatulence have been reported in 1 to
5 of 1000 pavents.

Misceitaneeus - Each of the folowng has been reported in 110 5 of 1000 patients: rash; prurits; headache; dry mouth, eyes, or skin; impotence o decreased

libido; tacial swelling; weight gain; shurmed speech; cough; nasal stuffiness; sweating: tinnitus; biurmed vision. Reversible alopecia has been reported infrequently.

YMMMMMMWnMMWMMWMuW but no causal relationship to nadolol
been estabiiched.

Mlll-—ﬁ- - Reversible mental ing to Catatonia; visual di ions; an acute reversible syndrome characterized
uym-mbm-nm short-ferm memory loss. mﬂmmmmnm“m and decrsased perlonTANCe 0N NEUWORSYChoMetrics.
-  anterat swem:cous ale\medlwuuuzyns
Allergic - mmmmmmm (aryngospasm; Wm
Facion in patients with sloep d Peyronie’s disease.
The mm i with the beta biocker practolol has not beew reported with nadolol.
OVERDOSAGE
Nadolol can be removed from the general crcutation by hemodsalysis.

in addition 10 gastric lavage, mmmmhw = mppropriste. le desermining the duration of comective therapy, note must be
taken of the long duration of the effect of nadolol.

Excesshvg - Adminesier atropine (0.25 10 1 mg). If there is Ao response 1 vagal blockade, administer isoproterencl cautiously.

Candiac Faitars - Administer 2 diitais Qlycnsios and diuretic.

nmmwmwmmnmnmm

lu-nn-u mammmmlm
DOSAGE AND ADMINISTRATION
DOSAGE MUST BE INDIVIDUALIZED. NADOLOX MAY BE ADMINISTERED WITHOUT REGARD TO MEALS.
mm-mmmdmswmmmm.Dosmmummusedh40maowhummmsn8lo7dayinm
uniit optimum cinical response is obtzined or there is pronounced siowing of the heart rate. The usual maintenance dose is 40 or B0 mg administered once
daily. Doses up to 160 or 240 mg administered once daily may be needed.
The usefulness and safety in angina pectoris of dasage exceeding 240 mg per day have not been established. If treatment is to be discontinued, reduce the
Wamwtymv:wmolonemmm(mWM)

mwmuusmwmnmwmmmnswnnunmwmmwm be gradually increased
in 40 to 80 mg increments until optimum blood pressuse reduction i achieved. mwmmnwuwmummmuwm
up fo 240 or mg administerad once daily may be needed.

Adjusiment in Renal Faliure - Absorbed nadolol is excreted principally by the iidneys and, although nonrenal elimination does occur, dosage adjustments

uenenssalynpatmnsmmmulmmnm The tollowing dose imarvals are recommended:

ﬂm:mmmmmmﬁwdm)

Creatinine Clearance Dosage interval
(mi/min/1.73m7) (hours}
>50 24
350 24-36
10-30 2448

NOW SUPPLIED

Avl!blelsanreen sound tabiet debossed 20" on one side. and a tiSact on the osher side with **Z" on the upper haif and ""4235™ on the lowsr, containing

20 mg of nadoiol, USP packaged in botties of 100, 500, and 1000 tabiets

Avaitable as a green, round tabiet debossed 40" on one side, mammnmsﬂzm “Z"" on the upper half and “*4236"* on the lower, containing

wmuw.wwmmanm.m.m 1000 Lablets.

Avaable a5 2 lght green, round tablet debassad 80" on one side, and 2 bisect on the other side with *'2" on the upper half and **4237" on the lower,
» p 9.

contaning 80 mg , .
Amhs-mm.wua.mmmmm.mm"zmrmmm.m'wzo"mmemm,oumm

Availabie 35 3 gresn, nuyménnonmmm‘m"zm“mmn.m"1so"nnmmwsm,mm
Iﬂ!mdw USP packaged in boties of 100, 500, ang 1000 tablets.
- Dispense in 2 tight defined in the USP. Use chid-resistant closers.

. container a5 "
Mnmmw 15°-30°C (59°-86°F).
CAUTION: Federal taw prohibits dispensing without prescription.

MANUFACTURED BY 0172
ZENITH LABORATORIES, INC. Revised 09/53
NORTHVALE, NEW JERSEY 07647 o

NADOLOL TABLETS, Usr
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CHEMIST'S REVIEW NO. 5

ANDA # 74-229 (20 mg & 40 mg)

NAME AND ADDRESS OF APPLICANT
Zenith Laboratories Inc.

140 LeGrand Avenue

Northvale, NJ 07647

LEGAL BASIS for ANDA SUBMISSION

In the firms opinion and to the best of its knowledge there
are two patents which claim the listed drug, and
pharmaceutical formulations containing the listed drug.
Patent # 3,935,267 Expired 1/27/93

Patent # 3,982,021 Expired 9/21/93

Innovator: Squibb - Corgard®

SUPPLEMENT (sS)

N/A
PROPRIETARY NAME 7. NONPROPRIETARY NAME
None Nadolol

SUPPLEMENT (s) PROVIDE(s) FOR:
N/A

AMENDMENTS AND OTHER DATES:
Firm: 6/25/92 - Original (74-229, all 5 strengths)

8/14/92 - Ooriginal (2 strengths, split 74-255 with
3 strengths).

1/25/93 - O0/NC, Bio. study protocol.

4/28/93 - Response to 1lst def. letter (chem. &

. labeling).

5/6/93 - O/NC, Bio. study.

9/15/93 - Response to 2nd def. letter (chem. &
labeling).

10/28/93 - O/NC, Bio. study.

1/14/94 - O/NC, Bio. amendment.

3/31/94 - O/NC, change in manufacturing from DMF.

3/5/95 - O/NC, Bio. information.

10/20/95 - O/NC, response to Bio. letter dated
10/18/94.

10/23/95 O/NC, Bio. information.

10/25/95 Response to 4th def. letter.

10/25/95 - O/NC, Bio. information.

3/11/96 - O/NC, change of ownership.

5/2/96 - Response to Bio. letter.

FDA: 7/14/92 - Refuse to file, not common formulation.
9/2/92 - Acknowledgement
11/12/92 - 1st def. letter (chem. & labeling).
11/23/92 - Phone memo, regarding Bio. study
protocol.




ANDA 74-229

4/19/93 - Bio. review of protocol

8/18/93 - 2nd def. letter (chem. & labeling).
10/1/93 - 3rd review, no letter.

8/23/94 - Unacceptable Bio. review.

9/15/94 - Unacceptable Bio. review.

10/18/94 - Bio. def. letter.

10/25/94 - 4th def. letter (Bio. & CGMP).
3/26/96 - Unacceptable Bio. review.

4/3/96 - Bio. def. letter.

7/25/96 - Acceptable Bio. review.

10. PHARMACOLOGICAL CATEGORY 11. Rx or OTC
Antihypertensive R

12. RELATED IND/NDA/DMF(s)

13. DOSAGE FORM 14. POTENCIES

Tablet

15.

20 mg & 40 mg

CHEMICAL NAME AND STRUCTURE

Nadolol USP
Ci/H,,NO,; M.W. = 309.41

OH

-

H
--- H

OH

OCH,CHCH,NHC (CH ),

OH

(+)-1-(tert-Butylamino)-3-[(5,6,7,8-tetrahydro-cis-6,7-dihydroxy-
l-naphthyl)oxy]-2-propanol. CAS [42200-33-9]
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16. RECORDS AND REPORTS

N/A
17. COMMENTS

Bio., EER and DMF's satisfactory. Method validation not
required, product is USP.

18. CONCLUSIONS AND RECOMMENDATIONS
Approval

19. REVIEWER: DA COMPLETED:
Norman Gregory 8/1/96 (Chen.)
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APR 19 1998

Nadolol Zenith Laboratories, Inc.
Tablets, 20 mg and 40 mg Northvale, New Jersey
ANDA #74-229 Submission Date:
Reviewer: L.A. Ouderkirk January 25, 1993

WP #74229P.193

Review of a Protocol for a Post-Prandial Bioceguivalence Study

BACKGROUND:

The firm has submitted a protocol for a full, 36 subject
two-way post-prandial bioequivalence study to be conducted on its
nadolol tablets, 40 mg, to be conducted at

' ' The firm has already
conducted a fasted in-vivo bioequivalence study on its nadolol
tablets, 160 mg, (submission dated 11/9/92 to ANDA #74-229,
reviewed by L.A. Ouderkirk, Division of Bioequivalence).

COMMENT :

Since this study has already been started, the Division of
Bioequivalence will make no review of the study protocol at this
time, but looks forward to reviewing the completed study upon its
submission to the Agency.

RECOMMENDATIONS:

1. The firm should be informed of the above comment.

— S R -
R V-t - 92
Larry A. Ouderkirk

Division of Bioequivalence
Review Branch 1 /'

RD INITIALED ATWU V//@,/7:3
FT INITIALED ATWUL __ _ate:

cc: ANDA 74-229 (original, duplicate), HFD-600 (Hare), HFD-630,
HFC-130 (JAllen), HFD-652 (Wu, Ouderkirk), Drug File,
Division File

LAO/041593/ntp/041693 /WP #74229P.193
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Nadolol Tablet USP ' Zenith Laboratories

20 mg, 40 mg, 80 mg, 120 mg & 160 mg  Northvale, New Jersey
ANDA # 74-229 Submission Date:
Reviewer: Hoainhon Nguyen June 25, 1992

WP # 74229P.692
Review of Protocol

Per telephone conversation on November 5th, 1992, between
Larry Galvin of Division of Bioequivalence and the firm, it has
been confirmed that the study, of which the protocol had been
submitted here, was already initiated. Therefore, no review of the
protocol by the Division of Bioequivalence is necessary at the

present time.
W1 /q2

Hoainhon Nguyen
Division of Bioequivalence
Review Branch I

P
RD INITIALED ATWU
FT INITIALED ATWU

\
HNguyen/htn/11-06-92/ntp/111892 /WP #74229P.692

cc: ANDA # 74-229 original, HFD-600(Hare), HFD-652(Wu, Nguyen),
HFC-130(Allen), Drug File.
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Nadolol Zenith Laboratories, Inc.
Tablets, 20 Northvale, New Jersey
ANDA #74-229 A7 Submission Date:
Reviewer: L.A\ erkirk October 28, 1993
WP #74229AS.093 January l4, 1994

Addendum to a Review of Three Fasted In-Vivo Bioeauivglence
Studies and One Post-Prandial Bioeguivalence Study

The review of the firm's 10/28/93 and 1/14/94 bioequ;vglence
Study submissions to ANDA #74-229 is ammended by the addition of
the following comments: |

Comments:
1. The firm has conducted three fasting in vivo
bicequivalence studies on its nadolol tablets, 40 mg. These

studies have ©been found unacceptable by <the Division of
Bioegquivalence.

2. The formulations for the firm's 160 mg, 120 mg, and so.mg
nadolol tablets contains .. . 2f an inert ingredient, sodium
starch glycolate, which the 40 mg and 20 mg tablets do not contain.

3. In consideration of the above comments, the firm should
conduct a three-way in vivo food effects study on its 160 ng
nadolol tablets versus 160 mg Corgard tablets, in order to satisfy
the bioequivalence and waiver requirements for its 160 mg, 120 mg,
and 80 mg nadolol tablets.

The firm should be advised of the above Comments.
7 —

-

Larry A. Ouderkirk
Division of Bioequivalence
Review Branch 1

RD INITIALED AJJACKSON
FT INITIALED AJJACKSON J 7

N

Concur: _ Date: C{/ /3‘7 7‘,7
Rabindra N. Patnaik, Ph.D. | !
Acting Director, Division of Bioequivalence
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OFFICE OF GENERIC DRUGS i)’L
DIVISION OF BIOEQUIVALENCE

DRUG NAME: Nadoloi ANDA #: 74-229 \/01(‘
SPONSQR: Zenith Laboratories / / Lg\
DOSAGE FORM: Tablet STRENGTH: 20mg & 40mg g&»ﬂ—vw
TYPF OF STUDY: Single dose, fasting.
STUDY SITE:

CLINICAL:

ANALYTICA!
STUDY SUMMARY:
Fasting: 2-way cross over in 64 subjects. Due to large number of subjects, they were

divided into two groups with 32 subjects per group. 59 subjects completed
both phases of the study, but five (5) samples of one subject (Subject #29)
were destroyed during the transit. Thus total number of evaluable subjects
for this study was 58 . 90% C.I. limits on LAUCt (88.0% - 108%), LAUCinf
(89.0% - 107%) and LCmax (87.0% - 107%) are within acceptable ranges.

Waiver request for 20 mg tablet: The in-vivo fasting biostudy on 40 mg tablet is found
acceptable and the compositions of 20 mg and 40 mg are exactly
proportional. Both 20mg and 40mg tablet strengths meet the dissolution
specification of NLT » in 30 minutes. The waiver request for 20 mg tablet
is therefore granted.

DISSOIL UTIQN: USP XXIlI, Basket, 100 RPM
Medium: 0.1N HCI, 900 mi at 37°C.

Specification: NLT of the labeled content is dissolved in 30 min.
PBIMARY REVIEWER: Nhan L. Tran, Ph.D. BBANCH: |i
. . /_ ‘
INITIAL : , DATE: by 29 15¢C
/ g
JTEAM LEADER: ! ini , Ph.D. :
A~ ' Srinivas Nerurkar, Ph.D BBRANCH: 1l
INITIAL: v DATE: _ —[26]1994
= rvw [
DlRECIQB._D.%WBLOEQUNALENCE: Keith K. Chan, Ph.D.
INITIAL: | pate.  2/21/ 76
// ) — /




DBE STUDY APPROVAL FORM

_ P
ANDA #: 74-229 FIRM: Zenith FIRST GENERIC: wc:n/“
DRUG: Nadolol DOSAGE FORM: Tablet STRENGTH: 20mg, ]
RLD: Corgard® FIRM: BIO REVIEWER: N. Tran
Therapeutic Category: Beta-Blocker Dosage Regimen: Once a day
Solubility/Permeability: High solubility
Clinical Procedure:
Center: Principal Inv.:
# of Subjects Planned: 64 Extra: No
# dropped out: 5 Reasons: Failed to return
# of subject completed: 59 # in data anaiysis: 58 (1 additional subject
Subset analysis: N/A completing all phases was removed due to §
Randomization: Yes samples were destroyed during transit (#28).
Demographic: All males, 26 whites, 1 Asian, 37 blacks, age between 19-50
Dose administration: 2x40mg Blood sample: All collected within 5%of

scheduled time, except 6 samples

Safety summary: 46 subjects reported a total of 87 adverse events. The most frequently

reported events were decreased puise in 27 subjects, decreased diastolic
blood pressure in 18 subjects. All of the events were mild in severity.

Analytical Procedure:

Center: Principal Inv.: same
Analytical Method

Pre-study validation:

Stability validation:
Within study validation:
Standard curve:

Comments: Acceptable
PK/Statistical Analysis:
Center: Investigator: same
PK Calculation Procedure: Trapezoid for AUCs, Cmax from raw data.Spot checked data ok
Mean Plasma Profile: ok Individual Plasma Profile:checked and ok
Summary of PK Parameters:
Test Beference intra CV inter CV Totai CV
AUC,, 2071 ng.mi/hr 2053 ng.mithr 88%-108% 30.3% 4% 34.3%
AUC,. 2262 2245 89%-107% 28.0% 3.65% 31.65%
Conex 181 ng/mi 173 ng/ml 87%-117% 49.8% 6.26% 56.06%

Camments: Parameter calculation and 90% C.| were spot checked and found ok
Statistical Procedure: Appropriate for 2-way cross-over (using group effect in the model).
Comments: All parameters were within the acceptable 80% C.l limits .

ln-Vi Dissolution:
USP Method: USP XXill Method 1 Specifications: NLT 'n 30 mi.
Summary dissolution data: USP XXIll Method 1 (basket), 200 mi O.1N Hcl, 100 PRM

Waiver Request For 20mg Tablet: Granted based on acceptable in-vivo and in-vitro data.

In addition, the formuiation of 20mg tablet is exactly proportional to 40 mg tablet.

Comparison to Past Generic Products: OK u//( ’)/1( /c) &

L é)hw
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Nadolol Tablets, 20 mg, 40 mg Zenith Laboratories. Inc.
ANDA #74-229 . Northvale, New Jersey
Reviewer: Nhan L. Tran Submission Date:

WP #742290.596 May 2, 1996

REVIEW OF A SUPPLEMENT TO A
FASTED IN-VIVO BIOEQUIVALENCE STUDY

. BACKGROUND

Zenith submitted a study on October 20, 1995 (PROTOCOL FOR STUDY #10880: A
SINGLE-DOSE, FASTING, TWO-PERIOD, IN VIVO BIOEQUIVALENCE STUDY IN 64
SUBJECTS). This study was reviewed on March 26, 1996 and was found
incomplete.

in the present supplement, the firm is responding to the deficiencies cited by the
Agency in the March 26, 1996 review.

ll. BRIEF SUMMARY OF THE STUDY

The bioequivalence study was conducted at
The principal investigator was The

study was designed as a random, fasted, two-treatment crossover using 64 healthy
male subjects, in two groups.

Dosing G 11:_32 subi (Subi $1-#32):
Study Phase 1: July 29 - August 1, 1995, Study Phase 2: August 12 to
August 15, 1995,

Dosing G 42. 32 subi (Subi 433-2#64):
Study Phase 1: August 11 to August 14, 195, Study Phase 2: August 25 to
August 28, 1995

Test (Treatment A): Nadolol Tablets, 2 X 40 mg, (Zenith), Lot # ND-047,
Exp. Date: January 1, 1996.

Beference (Treatment B): Corgard® Tablets, 2 X 40 mg, (Princeton/Squibb),
Lot # 1A61746, Exp. Date= 1/1/96.

Blood pressure and pulse measurements were taken pre-dose and at 1, 2, 3, 4, 8,
12, 16, and 24 hours post-dose. Venous blood samples (10 ml) were drawn pre-

dose (zero hours) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 12, 16, 24, 36, 48, 60,
and 72 hours post-dose. The blood samples were allowed to clot at room




temperature for 30 minutes and were then centrifuged at 10° C. The separated
serum was frozen at -20° C. within 24 minutes of centrifugation and stored until
assayed. A two-week washout period was observed between the study phases.

Of the 64 subjects enrolled in the study, 59 compieted both phases. The
participation of subject #1, 27, 30, and 44 was discontinued after completing phase
1. Subject #40 completed both periods but failed to return for the 36, 48, and 60
hours blood draw in period 1. In addition, the samples for subject #29 were not
assayed because, according to the firm, five samples were destroyed during transit
from the clinic to the laboratory. Thus, the total number of evaluable subjects in this
study was 58.

lil. REVIEW OF THE SUPPLEMENT: FIRM'S RESPONSES TO THE FDA’'S COMMENTS.

1_FDA 1:




4. ruA & ror subject #2Y, it is requested the firm should submit complete
information concerning the broken samples: sample ID, period, treatment and
sampling times at which the samples (broken) were taken.

Firm’s Response:

treatment A (test), period 1 were accidentally destroyed during the transit from the
clinic to the analytical laboratory. The Sponsor decided not to assay all samples
from this subject. )

Since all samples from this subject were not assayed, the exclusion of this subject in
the statistical analysis was considered unbiased and the response is acceptable.

B._FDA 5: For subject #40, the firm is requested to provide the reasons and
complete information for the missing of the 36hrs, 48hrs and 60hrs blood samples of
period 1.

Firm’s Response: Subject #40 did not provide explanation for not returning as
scheduled for 36, 48, and 60 hours of period 1. The Sponsor decided not to assay
all his samples, and thus this subject was excluded from statistical analysis. The
firm’s response is acceptable.

6. _FDA 6: Comparative dissolution profiles for the lot used in this study and the one
used in previous studies should be submitted for evaluation.

Firm’s Response: Since identical tablets were used for all biostudies, no additional
dissolution data was generated.
The response is deemed acceptable.

RECOMMENDATIONS:

1. The fasted in vivo bioequivalence study, protocol #10880: A SINGLE-DOSE,
FASTING, TWO-PERIOD, IN VIVO BIOEQUIVALENCE STUDY IN 64 SUBJECTS (58
completed) conducted by , on its nadolol
tablets, 40 mg, lot #ND-047, versus the listed reference product, Corgard" Tablets,
40 mg, Lot #1A61746, manufactured by Bristol/Squibb, has been found acceptable
to the Division of Bioequivalence. Previously, a non-fasting study on 40 mg tablet
submitted on May 1993 was found acceptable by the Agency on March 5, 1994.




2. The dissoiution testing conducted by Zenith Laboratories on its 20 mg and 40 mg
nadolol tablets, Lot # ND 047 for 40 mg, and Lot # ND 048 for 20 mg, versus
Corgard" tablets Lot # OA51800 for 20 mg tablet and Lot # 1A61746 for 40 mg
tablet is acceptable. Since the biostudies (fasting and fed) on 40 mg tablets as well
as dissolution data on 40 mg and 20 mg tablets are acceptable and the formulations
of 20 mg tablet is proportionally similar to the 40 mg tablet, the waiver request for
20 mg tablet is granted.

3 The dissolution testing should be incorporated into the firm's manufacturing
controis and stability program. The dissolution testing should be conducted in 900
ml of 0.1N HCI at 37°C using USP XXIIl Apparatus | (basket) at 100 rpm. The test
product should meet the USP specifications:

Not less thar of the labeled amount of the drug
in the dosage form is dissolved in 30 minutes.

From the bioequivalence point of view, the firm has met the in-vivo biocequivalence

and in-vitro dissolution requirements and the application for nadolol 20mg and 40mg
tablets, ANDA 74-229, by Zenith Laboratories is acceptable.

- /

Nhan L. Tran, Ph.D.

Review Branch |l /
RD INITIALED BY SNERURKAR/’ 7/ ] %l 1aq¢6
FT INITIALED /BY:SN§I§URKAR. ~_/ S

"

Concur: - —— Date: -7/ LgZ}:é’
/' Keith Chan, Ph.D. /
Director, Division of Bioequivalence

cc: ANDA 74-229 (original), HFD-600 (OGD, Hare), HFD-630, HFD-344
(CTViswanathan), HFD-655 (Nerurkar, Tran), Drug File, Division File.




APPENDIX

BACKGROUND INFORMATION:
Nadolol is a long-acting, synthetic, non-selective beta-adrenergic receptor :3locker
used to treat essential hypertension, cardiac arrhythmia, and angina pectcris. The
absorption of nadolol from the G.I. tract is variable following oral dosing, zveraging
about 30%. About 20-30% of the drug is reversibly bound to plasma proteins. Peak
blood serum concentrations are reached within one to four hours following oral
administration. The elimination half-life is in the range of 12 to 24 hours, permitting
once daily dosing. Because nadoloi is excreted unchanged primarily in the urine, its
half-life increases in patients with renal impairment. Pharmacokinetically, the drug is
described by an open, two-compartment model. The approved labeling for the drug
states that the presence of food in the G.I. tract does not affect the rate cr extent of
absorption and that nadolol may be dosed without regard to meals. The product is
marketed as oral tablets in strengths of 20, 40, 80, 120, and 160 mg (Corgard®,
Princeton Laboratories/Squibb).

APPROVAL REQUIREMENTS:
The Office of Generic Drugs issued an in vivo bioequivalence and in vitro cissolution
guidance for nadolol tablets on 5/16/92. This guidance states that firms sceking
approval for nadolol tablets in strengths of 20 mg, 40 mg, 80 mg, 120 mg, and 160
mg should conduct a) a fasted bioequivalence study on the 40 mg strengtiy, b) a
fasted bioequivalence study on the 160 mg strength and c) a postprandial study on
the 40 mg strength. Provided the strengths are proportionally formulated and meet
the dissolution standards, the in vivo bioequivalence requirements for the 20 mg, 80
mg, and 120 mg test product strengths can be waived.

At the present time, Corgard® manufactured by BMS, is available in 20 mg, 40 mg,
80 mg, 120 mg, and 160 mg tablets strengths. Zenith submitted separa::
applications (ANDA 74-255 for 80 mg, 120 mg and 160 mg strengths, -2 ANDA
74-229 for 20 mg and 40 mg strengths) for this drug products.

HISTORICAL INFORMATION ON APPROVAL STATUS FOR ZENIT:'S

APPLICATIONS:
For this application, two ANDAs were submitted:
ANDA #74-255 Nadolol Tablets, 160, 120, 80 mg Acceptal.:
ANDA #74-229 Nadolol Tablets, 40, 20 mg Unacceptzable
The Sponsor submitted the following studies to support the application:
Na. ECA

Study_ I_¥D.E Dase Suh;. Racommandation
1) 10333A Fasting 2x40 mg 35 Uiiacceptable
2) 10511 Fasting 2x40 mg 19 Unacceptable
3) 10468 Food 2x40 mg 36 Acceptable
4) 10591 Fasting 4x40 mg 57 Unacceptable
5) 10433 Food 2x40 mg 12 Acceptable
6) 10334A Fasted 1x160 mg 35 Acceptable




A summary of the studies is as follows:

The firm submitted four in-vivo bioequivalence studies dated 10/28/93 ana 1/14/94
to ANDA 74-229 for the 40 mg test product and two studies for 160 mg ablets:
(1) study #10333A: A two-way fasted crossover design using a 2 x 40 1..3 dose.
(2) study #10511: A fasted two-treatment, four-period replicate design .:ing a 2 x
40 mg dose. Studies 1033A and 10511 were unacceptable due to C.! C...ax outside
acceptable limits.

(3) study #10468: A full, two-treatment, two-period, postprandial crossc.er design
using a 2x40 mg dose. This non-fasting study cannot be used in lieu of z fasting
study and hence unacceptable.

(4) study #10591: A fasted, two-treatment, two-period, crossover study in 58
subjects using a 4 x 40 mg dose. This study was found unacceptable due to the
study design unsuitable for 40 mg strength, since for 40 mg strength, a 2 40 mg
tablets should be used, not 4x40 mg tablets. ]

Subsequently, the firm submitted a bioequivalence study (Study #1033-~, a two-
way fasted crossover design conducted on its 160 mg strength, ANDA 7-.-255).
This fasting study was reviewed by the Division and found acceptable.

The firm submitted (5/6/93) study #10433, a single-dose three-way in vivo food
effects study conducted on the 40 mg strength of the test product. The study was
found acceptable.

COMPARATIVE FORMULATIONS “ZENITH'S NADOLOL TAE_=TS

(From earlier submission)

COMPONENT MG/TAB WAN% MG/TAB W%
20 MG TAB 40 MG TAB
Nadolol, USP 20.00 13.3 40.00 13.3

Citric Acid, USP
Green Aluminum
Lake Blend"’
Povidone, USP
Corn Starch, NF
Microcrystalline
Cellulose, NF
Mag. Stearate, NF

Totals 150.00 100% 300.00 100%




In Vitro Dissolution Testing For 20 mg and 40 ma Tablets

Drug (Generic Name): Nadolol Tablets Dose Strengths: 40 mg, 20 mg
ANDA No.: 74-229° Firm: Zenith Laboratories.
Submission Date: 5/6/93

File Name: 74229SDW.593

l. Conditions for Dissoiution Testing:

Apparatus: USP XXIll Basket, RPM: 100 No. Units Tested: 12
Medium: 0.1N HCL Volume: 900 mL.
Tolerance (USP): NLT J) in 50 minutes

Reference Drug: Corgard® Tablets (Princeton)

Assay Methodology: per USP XXII.

Il.  Results of In Vitro Dissolution Testing:

Sampling Test Product Reference Product
Times Lot # ND-048 Lot # OA51800
{Minutes) Strength (mg): 20 Strength (mg): 20

Mean % Range %CV Mean % Rance %CV
10 59 14.5 45 26.5
15 94 6.3 78 12.0
30 97 2.0 97 1.9
50 97 1.8 99 2.7
60 97 1.7 98 1.0
Sampling Test Product Reference Product
Times Lot # ND-047 Lot # 1A61746

1 (Minutes) Strength{mg): 40 Strength{mag): 40

Mean % Range %CV Mean % Ranc: %CV
10 53.4 18.3 45.0 25.6
15 95.0 11.3 89.0 18.6
30 100.9 1.76 99.9 1.38
50 101.3 1.45 101.3 1.02
60 101.5 1.70 102.2 1.82
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Nadolol Zenith Laboratories, Inc.
Tablets, 20 mg, 40 mg Northvale, New Jersey
ANDA #74-229 Submission Date:
Reviewer: L.A. Ouderkirk May 6, 1993

WP #74229SDW.593

Review of a n-vivo Post-Prandial Bioe ivalence Stud

Dissolution Data and a Waiver Request

BACKGROUND:

Nadolol is a long-acting, synthetic, non-selective beta-
adrenergic receptor blocker used to treat essential hypertension,
cardiac arrhythmia, and angina pectoris. The absorption of nadolol
from the G.I. tract is variable following oral dosing, averaging
about 30%. About 20-30% of the drug is reversibly bound to plasma
proteins. Peak blood serum concentrations are reached within one
to four hours following oral administration. The elimination half-
life is in the range of 12 to 24 hours, permitting once daily
dosing. Because nadolol is excreted unchanged primarily in the
urine, its half-life increases in patients with renal impairment.
Pharmacokinetically, the drug is described by an open, two-
compartment model. The approved labeling for the drug states that
the presence of food in the G.I. tract does not affect the rate or
extent of absorption and that nadolol may be dosed without regard
to meals. The product is marketed as oral tablets in strengths of
20, 40, 80, 120, and 160 mg (Corgard®, Princeton Laboratories).

SUBMISSION HISTORY:

The firm has previously submitted bioequivalence study
#10334a, a two-way fasted crossover design conducted on its 160 mg
strength of nadolol tablets, ANDA 74-255. This study, dated
November 19, 1992, was reviewed by the Division and found
acceptable; however, approval of ANDA 74-255 for nadolol strengths
160 mg, 120 mg, and 80 mg was denied pending demonstration of
comparable food effect (versus Corgard®) for either the 160 mg or
40 mg strength. TIf comparable food effect was to be demonstrated
on the 40 mg strength, fasted bioequivalence for the 40 mg tablet
would also be required to be demonstrated in order for the 160 mg,
120 mg, and 8o mg strengths to meet the biocequivalence
requirements.

Besides the Present submission, the firm has submitted three
additional in vivo bioequivalence studies to ANDA 74-229, dated
10/28/93, for the 40 mg test product: (1) study #10333A (a two-way
fasted crossover design), (2) study #10511 (a fasted two-treatment,
four-period crossover design), and (3) study #10468 (a full, two-




way post-prandial crossover design). These studies are currently
awaiting review by the Division of Bioequivalence.

PROTOCOL FOR STUDY #037-55-10433: A SINGLE~DOSE POST-PRANDIAL IN-
VIVO BIOEQUIVALENCE STUDY:

A. STUDY INVESTIGATORS AND CONTRACT LABORATORY :
Sl s voossua tUko AND CONTRACT TABORATORY:

The biocequivalence study was conducted at
) The principal

investigator was

B. STUDY OBJECTIVE:

One objective of the study was to determine if the in vivo
absorption of the test and reference products was similar when the
products were given immediately after a meal. A second objective
was to compare the absorption of the test product when dosed under
fed versus fasted conditions.

C. STUDY DESIGN:

The study was designed as a random, three-period, three-
treatment crossover using 12 healthy male subjects.

D. SUBJECT SELECTION CRITERIA:

Subjects selected for the study met the following acceptance
criteria:
1. Aged 19-50 years.
2. Healthy, as determined by physical examination,
medical history and clinical laboratory diagnostic
tests (blood chemistry, hematology, urinalysis).

3. No concurrent illness, acute or chronic diseases or
history of asthma, unexplained syncope, myocardial
ischemia, prostatic enlargement, bronchitis,
rhinitis, diabetes, thyroid disease, or serious
cardiovascular, renal, G.I., hepatic, or
hematopoietic disease.

4. No history of alcohol or drug abuse.

5. No allergy to nadolol/beta blockers, atropine,
epinephrine, or albuterol.

6. No evidence of hypoglycemia.

7. Normal electrocardiogram with no evidence of first
degree AV block.

8. Resting B.P. and pulse rate of at least 100/60 mmHg

and 55 bpm, respectively.
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9. Weight within 15% of ideal for height (Metropolitan
Life Insurance Company Bulletin, 1983).

E. SUBJECT RESTRICTIONS:

1. No alcohol consumption beginning 24 hours prior to
dosing and lasting until 48 hours after.

2. No concurrent medication of any type.

3. No Rx or OTC drugs beginning two weeks prior to the
study.

4. Controlled diet - no xanthines beginning 24 hours
before dosing.

F. STUDY SCHEDULES:

Eighteen subjects were fasted for ten hours overnight prior to
dosing. The volunteers were randomly numbered and divided into six

equal dosing groups in order to balance the dosing sequences, as
follows:

EATMENT
Group Phase 1 Phase 2 Phase 3
1 A B C
2 B C A
3 C A B
4 C B A
S B A C
6 A C B

In Treatments A and B, below, subjects were given 30 minutes
to consume a standard breakfast consisting of one fried egg, one
buttered English muffin, one slice of American cheese, one slice of
Canadian bacon, one serving of hash brown potatoes, 180 ml of
orange juice and 240 ml of whole milk. After an additional 5
minutes, the subjects were administered an 80 mg oral dose (2 x 40
mg tablets) of the test or reference product with 240 ml of water.
Subjects receiving the fasted Treatment C were administered an 80
mg dose of the test product with 240 ml of water only. All of the
subjects fasted until 5 hours post-dose, when a standard lunch was
served. Water ad 1ib was permitted except within one hour of drug
administration. Only the food served was permitted for 24 hours
after dosing.

Blood pressure and Pulse measurements were taken pre~dose and
at 1, 2, 3, 4, 8, 12, 16, and 24 hours post-dose. Venous blood
samples (10 ml) were drawn pre-dose (0 hours) and at 0.5, 1, 1.5,

3




2, 2.5, 3, 4, 5, 6, 8, 12, 16, 24, 36, 48, 60, and 72 hours post-
dose. The blood samples were allowed to clot at room temperature
for 30 minutes and were then centrifuged at 10° C. The separated
Serum was frozen at -20° C. within 24 minutes of centrifugation and
Stored until assayed. A two-week washout period was observed
between Phase 1 and 2 dosing.

G. DRUG_TREATMENTS:

1. Test Treatment A (Fed): Nadolol Tablets, 2 X 40 mg,
(Zenith), Lot # ND-047, Assayed Potency (n=30) = 101.0%,
Exp. Date = 7/15/93 Lot Size = anits (ref. vol.
3, p.807)

2. Reference Treatment B (Fed): Corgard® Tablets, 2 X 40

mg, (Princeton), Lot # 1A61746, Assayed Potency (n=10) =
99.1%, Exp. Date = 1/1/96

3. Test Treatment C (Fasted) : Nadolol Tablets, 2 X 40 mg,

(Zenith), Lot # ND-047

H. CLINICAL NOTES:

Twelve of the 18 subjects completed the study; six did not.
The participation of subjects #7, #10, and #18 was discontinued for
medical reasons judged to be unrelated to the study medications.
Subjects #4 and #12 failed to return to the study site to complete
the study. Subject #11 was dropped from the study due to positive
urine drug screen results. The following schedule was observed:

Study Phase 1: october 21 - 25, 1992; Dosing date = 10/21/92
Study Phase 2: November 4 - 8, 1992; Dosing date = 11/5/92
Study Phase 3: November 18 - 22, 1992; Dosing date = 11/19/92

Nineteen adverse events were reported by a total of 12
subjects (Table 1). 8Six adverse events were recorded for the test
product and 13 for the reference; all were judged mild in severity.

Five of the events were judged probably related to the study
drug, 5 possibly related, and 9 unrelated.

I. ASSAY METHOD PERFORMANCE AND VALIDATION STUDY:







K. STA CAL AN SIS:

The study data for 12 subjects were analyzed by ANOYA and the
F-test to determine statistically significant (a=0:05) differences
between treatments, dosing sequence, subjects within Sequence, and
days of administration for areas under the curve (AUC) , maximum
serum drug levels (Cmax), time to maximum drug levels (Tmax),
elimination constants (Kel) and half-life values (T 1/2). ANova
was performed for subject serum drug concentrations at each
sampling time and included all sums of squares (Types I-1V).

The 90% confidence intervals (two, one-sided tests procedure)

were also calculated for the AUC and cCmax parameters. The
statistical analysis was performed using SASR'ver519n 6.07 and PROC
GLM for the ANOVA. Since statistical evaluation of the 90%

confidence intervals for 1limited food-effect studies is not
required for biocequivalence determination, these data are not
discussed in this review.

L. NFO D CONSENT D T APPROVAIL,:

Subjects gave written, informed consent prior to their
acceptance into the study. The study protocol was reviewed and
approved by an IRB prior to its initiation.

PHARMACODYNAMIC MEASUREMENTS :

The firm statistically analyzed the blood pressure and pulse
measurement data obtained post-dose, although the study was not
Primarily designed to measure any pharmacological effects or relate
such effects to serum drug concentration.

Mean systolic blood pressure decreased significantly at 3, 4
(maximum decrease of 15.3 mmHg), 8, and 12 hours after the (non-
fasting) Zenith treatment dose, at 2, 3, 4 (maximum decrease 18.4
mmHg), 8, 16, and 24 hours after the (non-fasting) Corgardt
reference formulation was given and at 2, 3, 4 (maximum decrease

15.4 mmHg), and 24 hours after the Zenith treatment dosed under
fasted conditions.

Mean diasystolic blood pressure decreased significantly from
2 to 24 hours after administration of the fed test treatment, 1 to




12 hours after the Corgard® reference dosed fed and at 2 and 12
hours after administration of the reference formulation under
fasted conditions. The linearity of mean changes in systolic blood
pressure versus concentration revealed clockwise hysteresis for
both the test and reference treatments dosed after a meal. Plots
of mean change in diastolic blood pressure versus concentration
were not 1linear. A 1linear fit of effect versus nadolol
concentration was not attempted.

RESULTS OF BIOEQUIVALENCE STUDY :

The results of the food effects study for 12 subjects are
summarized in Tables 2 - 3 and Figure 1. When dosed following the
standard breakfast, the mean AUC(0-t) and Cmax for the test versus
the reference products differed by only 1%. The test formulation
dosed following the standard breakfast was absorbed more slowly and
to a lesser extent than when dosed under fasted conditions. When
the test product was dosed following a meal, the mean AUC(0~-t) was
lowered by 26%, the AUC(Inf) was lowered by 23% and mean Cmax was
lowered by 33% compared to the test product dosed fasted.

IN-VITRO DISSOLUTION TESTING RESULTS:

The firm conducted dissolution testing on its 40 mg and 20 mg
strengths of the test product versus the reference product,
Corgaradk Tablets, manufactured by Princeton Laboratories. The
testing was conducted according to the method specified in USP XXII
for this product. The results of the dissolution testing and a
description of the method are given in Table 4.

REQUEST FOR WAIVER OF IN-VIVO BIOEQUIVALENCE:

The firm has requested waiver of the in-vivo bioequivalence
study requirements for its 20 mg strength of the test product,
based on an acceptable in-vivo bioequivalence study on the 40 mg
strength, comparative  dissolution data (Table 4) and proportional
formulations (Table 5).

COMMENTS :

1. The test product exhibited a significant reduction in
both the rate and extent of absorption when dosed under post-
prandial conditions. The labeling for Corgard® tablets states that
the presence of food in the gastrointestinal tract does not affect
the rate or extent of absorption and that the product may be dosed
without regard to meals. It is recommended that these findings be
referred to the 0GD Labeling Review Branch for their consideration




in the review of the product labeling.

2. The firm has demonstrated a similar effect of food on drug
absorption for its 40 mg test product compared to Corgard® 40 mg
tablets. However, as a condition of product approval,
bioequivalence of the 40 mg test product must also be demonstrated
under fasting conditions.

3. Waiver of the in-vivo bioequivalence requirements for the
20 mg strength of the test product per 21 CFR 320.22 (d) (2) cannot
be granted pending approval of the 40 mg test product strength.

4. An apparent discrepancy in the lot number listed for the
40 mg Corgard® reference product in Section 3 of the submission was
confirmed as a typographical error by Jean F. Cummiskey, Ph.D.,
Associate Director for Regulatory Affairs, Zenith Laboratories,
Inc. In a telecommunication on 2/7/94, Dr. Cummisky confirmed that
the correct lot number was 1A61746.

RECOMMENDATIONS:

1. The in vivo food effect study #037-55-10433, conducted
under post-prandial conditions by Zenith Laboratories, Inc., on its
nadolol tablets, 40 mg, lot #ND-047, versus the listed reference
product, Corgard® Tablets, 40 mg, Lot #1A61746, manufactured by
Princeton Laboratories, has been found acceptable by the Division
of Bioequivalence. The study demonstrates that the in vivo
absorption of Zenith's nadolol tablets, 40 mg, is similar to that
of the listed reference product, Corgard® Tablets, 40 mg, when
dosed immediately following a standard meal. The firm, however, is
also required to demonstrate the in vivo bioequivalence of the test

product under fasting conditions as a requirement of product
approval.

2. The dissolution testing conducted by the firm on its
nadolol tablets, 40 mg, lot #ND-047 and 20 mg, lot #ND-048, is
acceptable. The dissolution testing should be incorporated into
the firm's manufacturing controls and stability program. The
dissolution testing should be conducted in 900 ml 0.1 N HCL at 37°%
using USP XXII apparatus 1 at 100 rpm. The test product should
meet the following specifications per USP XXII:

Not less than (Q) of the labeled amount of the drug
in the dosage form is dissolved in 50 minutes.

3. Waiver of the in-vivo biocequivalence study requirements
for the firm's 20 mg test product is denied pending approval of the




firm's 40 mg test product.

4. From the Bioegquivalence viewpoint, the firm has not met

the in vivo bioequivalence requirements and the ANDA 74-229 is
incomplete.

The firm should be advised of the Comments and

Recommendations, above.

—

J 2-2v-9¢

Larry A. Ouderkirk
Division of Bioequivalence
Review Branch 1

RD INITIALED ATWU 6',%)1L/
FT INITIALED ATWU

Concur: pate: 3I/5/94

cc:

Shrikant V. Dighe, Ph.D. '
Director, Division of Bioequivalence

ANDA 74-229 (original, duplicate), HFD-600 (Hare) , HFD-630,
HFC-130 (JAllen), HFD-344 (CVishwanathan), HFD-652 (Wu,
Ouderkirk), Drug File, Division File

LAO/022294 /ntp/WP #74229SDW.593
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TABLE 2

MEAN NADOLOL POST-PRANDIAL SERUM CONCENTRATIONS (NG/ML)
POST-PRANDIAL STUDY NO. 037-55-10433
=12 SUBJECTS

Princet. 40 mg Corgard® 40 mg Princet. 40 mg
Hours Test A (Fed) Ref. B (Fed) Test C (Fast) A/B A/C

0 0.0 0.0 0.0 —— —--
0.5 0.0 1.3 (346)° 16.9 (83) 0.0 0.0
1 13.1 (83) 22.6 (101) 62.6 (44) 0.58 0.21
1.5 38.2 (60) 45.9 (61) 74.4 (50) 0.83 0.51
2 60.9 (43) 66.4 (47) 78.5 (44) 0.92 0.78
2.5 71.3 (36) 70.3 (40) 88.1 (48) 1.01 0.81
3 75.5 (39) 71.1 (36) 96.9 (55) 1.06 0.78
4 66.7 (40) 63.6 (40) 97.6 (50) 1.05 0.68
5 55.9 (41) 56.3 (36) 95.2 (49) 0.99 0.59
6 49.4 (37) 48.4 (35) 82.6 (46) 1.02 0.60
8 45.8 (36) 43.6 (29) 69.5 (46) 1.05 0.66
12 34.1 (29) 34.5 (30) 48.5 (41) 0.99 0.70
16 28.2 (31) 28.7 (29) 37.0 (35) 0.98 0.76
24 22.1 (31) 22.6 (29) 26.2 (33) 0.98 0.84
36 12.5 (37) 12.5 (45) 15.2 (40) 1.00 0.82
48 7.5 (59) 5.5 (99) 6.8 (73) 1.36 1.10
60 2.6 (147) 2.5 (154) 1.8 (193) 1.04 1.39
72 0.50 (346) 0.68 (346) 0.55 (346) 0.74 0.91

(C.V.%)




TABLE 3
POST-PRANDIAL STUDY #037-55-10433
ARITHMETIC MEAN PHARMACOKINETIC PARAMETER VALUES (C.V.%)
N=12 SUBJECTS

Parameter Ireatment A Ireatment B Ireatment C A/B A/C
{Test Fed) {Ref. Fed) {Test Fasted)

AUC (0-T) 1240 (34) 1226 (37) 1680 (41) 1.01 0.74
[(ng/ml x hr)

AUC (0~m) 1424 (30) 1393 (34) 1854 (37) 1.02 0.77
[ng/ml x hr) '

Cmax [ng/ml) 78.0 (36) 77.5 (38) 117 (43) 1.01 0.67

Tmax [Hrs. ] 2.92 (19) 2.83 (24) 3.63 (49)

T1/2 (Hrs.)] 17.7 (21) 16.2 (28) 14.8 (19)

Kel [Hr') 0.0408 (22) 0.0461 (31) 0.0483 (18)




e
ﬂ Table 4 ~ In Vitro Dissolution Testing

Drug (Generic Name): Nadolol Tablets

Dose Strengths: 40 mg, 20 mg
ANDA No.: 74-229
Firm: Zenith Laboratories, Inc.
Submission Date: 5/6/93
File Name: 74229SDW.593
I. Conditions for Dissolution Testing:

Apparatus: USP XXII Basket

RPM: 100

No. Units Tested: 12

Medium: 0.1N HCL

Volume: 900 mL

Tolerance (USP): NLT (Q) in 50 minutes

Reference Drug: Corgard*® Tablets (Princeton)

Assay Methodology: per USP XXII
II. Results of In Vitro Dissolution Testing:
Sampling Test Product Reference Product
Times Lot # ND-048 Lot # OAS51800
(Minutes) Strength (mg): 20 Strength (mg): 20

Mean % Range CV Mean $ Range $CV
10 59 14.5 45 26.5
15 94 6.3 78 12.0
30 i 97 2.0 97 1.9
50 97 1.8 99 2.7
60 97 1.7 98 1.0
Sampling Test Product Reference Product
Times Lot # ND-047 Lot # 1A61746
(Minutes) Strength(mg): 40 Strength(mg): 40
Mean % Range CV Mean % Range CV

10 53.4 18.3 45.0 25.6
15 95.0 11.3 89.0 —118.6
30 100.9 1.76 99.9 1.38
50 101.3 1.45 101.3 1.02
60 101.5 1.70 102.2 1.82




TABLE 5 - COMPARATIVE FORMULATIONS'
ZENITH NADOLOL TABLETS

COMPONENT 20 MG TAB 40 MG TAB
MG/TAB W/W% MG/TAB W/W%
Nadolol, USP 20.00 13.3 40.00 13.3

Citric Acid, usp

Green Aluminum
Lake Blend™

Povidone, USP
Corn Starch, NF

Microcrystalline
Cellulose, NF

Mag. Stearate, NF

Totals 150.00 - 100% 300.00 100%
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Nadolol Tablets, 20 mg, 40 mg Zenith Laboratories. Inc.
ANDA #74-229 Northvale, New Jersey
Reviewer: Nhan L. Tran - Submission Date:

WP #74229S.095 October 20, 1995

Review of A Fasted In-Vivo Bioequivalence Study

APPROVAL REQUIREMENTS:

The Office of Generic Drugs issued an in vivo bioequivalence and in vitro dissolution
guidance for nadolol tablets on 5/16/92. This guidance states that firms seeking
approval for nadolol tablets in strengths of 20 mg, 40 mg, 80 mg, 120 mg, and 160
mg should conduct a) a fasted bioequivalence study on the 40 mg strength, b) a
fasted bioequivalence study on the 160 mg strength and c) a post-prandial study on
the 40 mg strength.

Provided the strengths are proportionally formuiated and meet the dissolution
standards, the in vivo bioequivalence requirements for the 20 mg, 80 mg, and 120
mg test product strengths can be waived.

At the present time, Nadolol® manufactured by BMS, is available in 20 mg, 40 mg,
80 mg, 120 mg, and 160 mg tablets. Zenith submitted separate application (ANDA
74-255) for 80 mg, 120 mg and 160 mg strengths. The present submission (ANDA
74-229) is strictly for 20 mg and 40 mg strengths.

HISTORICAL INFORMATION ON APPROVAL STATUS FOR ZENITH'S
APPLICATIONS:

1)
2)
3)
4)
5)
6)

For this application, two ANDAs were submitted:

ANDA #74-255 Nadolol Tablets, 160, 120, 80 mg Acceptable
ANDA #74-229 Nadolol Tablets, 40, 20 mg Unacceptable

The Sponsor submitted the following studies to support the application:

Na. EDA
Study Iype Dase Subj. Becommendation
10333A Fasting 2x40 mg 35 Unacceptable
10511 Fasting 2x40 mg 19 Unacceptable
10468 Food 2x40 mg 36 Acceptable
10591 Fasting 4x40 mg 57 Unacceptable
10433 Food 2x40 mg 12 Acceptable

10334A Fasted 1x160 mg 35 Acceptable

1




A summary of the studies is as follows:
The firm submitted four in-vivo bioequivalence studies dated 10/28/93 and 1/14/94
to ANDA 74-229 for the 40 mg test product and two study for 160 mg tabilets:

(1) study #10333A: A two-way fasted crossover design using a 2 x 40 mg dose.

(2) study #10511: A fasted two-treatment, four-period replicate design using a 2 x
40 mg dose. Studies 1033A and 10511 were unacceptable due to C.! Cmax outside
acceptable limits.

(3) study #10468: A fuil, two-treatment, two-period, post-prandial crossover design
using a 2x40 mg dose. This non-fasting study cannot be used in lieu of a fasting
study and hence unacceptable.

(4) study #10591: A fasted, two-treatment, two-period, crossover study in 58
subjects using a 4 x 40 mg dose. This study was found unacceptable due to the
study design unsuitable for 40 mg strength, since for 40 mg strength, a 2x 40 mg
tablets should be used, not 4x40 mg tablets.

Subsequently, the firm submitted a bioequivalence study (Study #10334A, a two-
_way fasted crossover design conducted on its 160 mg strength, ANDA 74-256).
This fasting study was reviewed by the Division and found acceptable.

The firm submitted (5/6/93) study #10433, a single-dose three-way in vivo food
effects study conducted on the 40 mg strength of the test product. The study was
found acceptable.

However, the application was not approved pending conduct of a fasted
bioequivaience study for 40 mg strength, since fasted bioequivalence for the 40 mg
tablet would be required, in order for the 160 mg, 120 mg, 80 mg and 40 mg
strengths to meet the bioequivalence requirements.

BACKGROUND INFORMATION:

Nadolol is a long-acting, synthetic, non-selective beta-adrenergic receptor blocker
used to treat essential hypertension, cardiac arrhythmia, and angina pectoris. The
absorption of nadolol from the G.I. tract is variable following oral dosing, averaging
about 30%. About 20-30% of the drug is reversibly bound to plasma proteins. Peak
blood serum concentrations are reached within one to four hours following oral
administration. The elimination half-life is in the range of 12 to 24 hours, permitting
once daily dosing. Because nadolol is excreted unchanged primarily in the urine, its
half-life increases in patients with renal impairment. Pharmacokinetically, the drug is
described by an open, two-compartment model. The approved labeling for the drug
states that the presence of food in the G.l. tract does not affect the rate or extent of
absorption and that nadolol may be dosed without regard to meals. The product is
marketed as oral tablets in strengths of 20, 40, 80, 120, and 160 mg (CorgardR,
Princeton Laboratories/Squibb).




PROTOCOL FOR STUDY #10880:
A SINGLE-DOSE, FASTING, TWO-PERIOD, IN VIVO BIOEQUIVALENCE
STUDY IN 64 SUBJECTS. B

A. STUDY INVESTIGATORS AND CONTRACT L ARORATORY:

The bioequivalence study was conducted at
The principal investigator was

B. STUDY ORJECTIVE:

The objective of the study was to compare the rate and extent of absorption of the
test, 40 mg tablet versus the reference product under fasting conditions.

C. STUDY DESIGN:

The study was designed as a random, fasted, two-treatment crossover using two
dosing groups of 64 healthy male subjects.

Nosing G |+ 22 subi Subi 1-#32):

Study Phase 1: July 29 - August 1, 1995
Study Phase 2: August 12 to August 15, 1995.

Nosing G 42: 32 subjects (Subjects #33-#64):

Study Phase 1: August 11 to August 14, 195
Study Phase 2: August 25 to August 28, 1995

D. SURJECT SEIECTION CRITERIA:

Subjects selected for the study met the tollowing acceptance criteria: Aged 19-50
years, heaithy, as determined by physical examination, medical history and clinical
laboratory diagnostic tests (blood chemistry, hematology, urinalysis).

No concurrent iliness, acute or chronic diseases or history of asthma, unexplained
syncope, myocardial ischemia, prostatic enlargement, bronchitis, rhinitis, diabetes,
thyroid disease, or serious cardiovascular, renal, G.I., hepatic, hematopoietic disease.
No history of alcohol or drug abuse, no allergy to nadoiol/beta blockers, atropine,
epinephrine, or albuterol, nor evidence of hypoglycemia. Normal electrocardiogram
with no evidence of first degree AV block, resting B.P. and pulse rate of at least
100/60 mmHg and 55 bpm, respectively. Weight within 15% of ideal for height
(Metropolitan Life insurance Company Bulletin, 1983).

E. SUBJECT RESTRICTIONS:
No alcohol consumption beginning 24 hours prior to dosing and lasting until 48 hours
after, no concurrent medication of any type, nor Rx or OTC drugs beginning two
weeks prior to the study, no xanthines beginning 24 hours before dosing.

3




H.

F. STUDY SCHEDULES:

Subjects were fasted for ten hours overnight prior to dosing. The volunteers were
randomly numbered and divided into two dosing groups of equal number. An 80 mg
(2x40 mg tablets) oral dose of the test product was administered with 240 ml of
water in order of subject number. All of the subjects fasted until 5 hours post-dose,
when a standard lunch was served. Water ad /ib was permitted except within one
hour of drug administration. Only the food served was permitted for 24 hours after
dosing. Subjects were prohibited from smoking beginning 1 hour before dosing and
lasting until 4 hours after dosing.

Blood pressure and pulse measurements were taken pre-dose and at 1, 2, 3, 4, 8,
12, 16, and 24 hours post-dose. Venous blood samples (10 ml) were drawn pre-
dose (O hours) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 12, 16, 24, 36, 48, 60, and
72 hours post-dose. The blood samples were allowed to clot at room temperature
for 30 minutes and were then centrifuged at 10Y C. The separated serum was
frozen at -20™ C. within 24 minutes of centrifugation and stored until assayed. A
two-week washout period was observed between study Phases.

G. DRUG TREATMENTS:

1.Jest Treatment A: Nadolol Tablets, 2 X 40 mg, (Zenith), Lot # ND-047, Exp.
Date: January 1, 1996. The Sponsor refers other information such as potency, lot
size to the original submission. Although lot number was the same as in the previous
submission, expiration date was different (07-15-1993). Explanation should be given
to demonstrate that no change in the formulation has been made for the new lot.

2.Reference Treatment B: CorgardR Tablets, 2 X 40 mg, (Princeton/Squibb), Lot #
1A61746, Exp. Date = 1/1/96. The same lot number and expiration date as in the
previous submission.

Note: In the previous submission, the following information was reported: For the test
formulation: Assayed Potency (n=30) = 101.0%. Exp. Date = 7/15/93, Lot Size =

tnits, and for the reference formulation: Lot # 1461746, Assayed Potency

n=10) = 99.1%, Exp. Date = 1/1/96.

CLINICAL NOTES:

Of the 64 subjects enrolled in the study, 59 completed both phases. The
participation of subject #1, 27, 30, and 44 was discontinued after completing phase
1. Subject #40 completed both periods but failed to return for the 36, 48 and 60
hour blood draw in period 1. In addition, samples for subject #29 were not assayed
because, according to the firm, 5 samplies were destroyed during transit from the
clinic to the laboratory. Thus, the total number of evaluable subjects in this study
was 58.

Eighty eight adverse events were reported by a total of 46 subjects. 47 and 41
adverse events were recorded for the test and reference products respectively; all
were judged mild in severity.




K. STATISTICAL ANAIYSIS:

The 90% confidence intervals (two one-sided tests procedure) were calculated for
the AUC and Cmax parameters. The statistical analysis was performed using SASR
and PROC GLM for the ANOVA.

L. INFORMED CONSENT AND IRB APPROVAI :

Subjects gave written, informed consent prior to their acceptance into the study.
The study protocol was reviewed and approved by an IRB prior to its initiation.

2. PHARMACOKINETIC AND STATISTICAL ANAIYSES:

Because of the relatively iarge number of subjects who participated in this
study, the volunteers were divided into two separate groups who were dosed at
different times. Consequently, the statistical analysis for this study included a
sequence-by-group factor to determine if there were any effects of dosing group on
the study resuits.

The resuits of the bioequivalence study for 58 subjects are summarized in Tables
below. The 90% confidence intervais reported by the firm for the test versus the
reference products were 88% - 108% for LnAUC(0-t) and 89% - 107% for
LnAUC(inf), and 87% - 117% for LnCmax.
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4. For subject #29, it is requested the firm shouid submit complete information
concerning the broken sampies: sampie ID, period, treatment and sampling times at
which the samples (broken) were taken.

5. For subject #40, the firm is requested to provide the reasons and complete

information for the missing of the 36 hrs,~48 hrs and 60 hrs blood sampies of period
1.

6. Comparative dissolution profiles for the lot used in this study and the one used in
previous studies should be submitted for evaluation.

RECOMMENDATIONS:

The fasted in vivo bioequivaience study, protocol #10880: A SINGLE-DOSE,
FASTING, TWO-PERIOD, IN VIVO BIOEQUIVALENCE STUDY IN 64 SUBJECTS,
conducted by for Zenith Laboratories, Inc., on its nadolol tablets, 40
mg, lot #ND-047, versus the listed reference product, CorgardR Tablets, 40 mg, Lot
#1A61746, manufactured by Princeton/Squibb, have been found incomplete by the
Division of Bioequivalence for the reasons stated in the Deficiencies above.

—— . - /

Nhan L. Tran, Ph.D.
Division of Bioequivalence
Review Branch I




In Vitro Dissolution Testing For 20 mg and 40 mqg Tablets

Drug (Generic Name): Nadolol Tablets

Dose Strengths:
ANDA No.:

Firm:

Submission Date:
File Name:

40 mg, 20 mg

74-229

Zenith Laboratories, Inc.
5/6/93

74229SDW.593

1. Conditions for Dissolution Testing:

Apparatus:

RPM:

No. Units Tested:
Medium:
Volume:
Tolerance (USP):
Reference Drug:

USP XXII Basket

100

12 _

0.1IN HCL

900 mL

NLT .Q) in 50 minutes
Corgard™ Tablets (Princeton)

Assay Methodology: per USP XXII
II. _Results of In Vitro Dissolution Testing:

Sampling Test Product Reference Product
Times Lot # ND-048 Lot # OA51800
{Minutes) Strength {mg): 20 Strength {mg): 20

Mean % Range _ %CV Mean % Range %CV
10 59 14.5 45 26.5
15 94 6.3 78 12.0
30 97 2.0 97 1.9
50 97 1.8 93 2.7
60 97 1.7 98 1.0

|

Sampling Test Product Reference Product
Times Lot # ND-047 Lot # 1A61746
(Minutes) Strength(mg): 40 Strength{mg): 40

Mean % Range_ %CV Mean % Range %CV
10 53.4 18.3 45.0 25.6
15 95.0 11.3 89.0 18.6
30 100.9 [1.76 | 99.9 1.38
50 1013 | ‘145 '101.3 1.02
60 101.5 I 1170 [102.2 1 1.82




In Vitro Dissoiution For 80 mg, 120 mg and 160 ma Tablets

Drug: Nadoiol Tablets
Dase Strengths: 80 mg, 120 mg, 160 mg
ANDA: 74-255
Eirm: Zenith Laboratories, Inc.
I.  Conditions for Dissolution Testing:
Apparatus: USP 23 Basket; BPM: 100, Na. linits Tested: 12
Medium: 0.1N HCL; Valume: 900 mL
Talerance (USP): NLT (Q) in 50 minutes
Il.__Results of In Vitro Dissolution Testing:
Sampling Test Product Reference Product
Times Lot # ND-046 Lot # OG51617
(Minutes) Strength: 80 mg Strength: 80 mg

Mean % Range %CV Mean % ' Range %CV
10 62 6.9 50 . 14.5
15 83 i 6.6 71 | 11.0
30 98 : 2.1 94 ’ 6.9
50 98 2.2 96 1.8
60 98 2.7 96 0.9
Sampling Test Product Reference Product
Times Lot # ND-049 Lot # 0G51762
{Minutes) Strength: 120 mg Strength: 120 mg

Mean % l Range T %CV Mean % ! Range %CV
10 57 | 7.0 52 i 8.0
15 77 | 5.3 72 i 6.2
30 103 ‘ ! 0.5 98 ‘ 1.8
50 103 i 0.6 98 : 2.2
60 103 i 0.6 98 | 2.2

Test Product Reference Product

Sampiing Lot # ND-045 . Lot # OG51987
Times Strength: 160 mg Strength: 160 mg
{Minutes)

Mean % 5 Range %CV Mean % : Range %CV
10 53.7 | 6.7 45.5 : 6.4
20 86.8 | 5.7 74.9 ! 5.0
30 100.4 | 1.4 95.5 i 3.2
50 101.1 i 0.8 98.3 f 1.1
60 100.9 0.8 98.5 1.2




COMPARATIVE FORMULATIONS ~ ZENITH'S NADOLOL TABLETS

COMPONENT MG/TAR W% MGI/TARB WI/W%

20 MG TAB 40 MG TAB
Nadolol, USP 20.00 13.3 40.00 13.3

Citric Acid, USP
Green Aluminiim
Lake Blend
Povidone, USP
Corn Starch, NF
Microcrystalline
Cellulose, NF
Mag. Stearate, NF

Totals 150.00 100% 300.00 100%
MG/TAR W% —-MG/TAR WAN%Y% MG/TAB W% 1
80 MG TAB 120 MG TAB 160 MG TAB |
Nadolol, USP 80 17.4 120 17.4 160 17.4
Citric Acid, USP
Green Alum
Lake Blenr

Povidone, USP
Corn Starch, NF
Microcrystailine
Cellulose, NF
Mag. Stearate, NF
Sodium Starct
Glycolate, NF

Totals 460.00 - 100% 690.00 100% 920.00 100%
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ANDA 74-229

APR - 3 199

Zenith Laboratories, Inc.
Attention: Robert M. Monaghan
140 Legrand Avenue

Northvale, NJ 07647

Dear Sir:

Reference is made to the bioequivalence data submitted on October
20, 1995, for Nadolol Tablets USP, 20 mg and 40 mg.

The Office of Generic Drugs has reviewed the bioequivalence data
submitted and the following comments are provided for your
consideration:

1.

2.

3. R . . -

4. For subject #29, please submit complete information concerning
the broken samples: sample ID, period, treatment and sampling
times at which the samples (broken) were taken.

5. For subject #40, please provide a complete explanation as to

the reasons this patient missed the 36 hrs, 48 hrs and 60 hrs
blood collection times during period 1.

6. Comparative dissolution profiles for the lot used in this

study and the one used in previous studies should be submitted
for evaluation.




As described under 21 CFR 314.96 an action which will amend this
application is required. The amendment will be required to
address all of the comments presented in this letter. Should you
have any questions, please call Mark Anderson, Project Manager, at

(301) 594-0315. In future correspondence regarding this issue,
please include a copy of this letter.

Sincerely yours,

l/l(eith K. Chan, Pn.D.

Director, Division of Bioequivalence
Office of Generic Drugs

Center for Drug Evaluation and Research
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Nadolol Zenith Laboratories, Inc.
Tablets, 20 mg, 40 mg Northvale, New Jersey
ANDA #74-229 Submission Date:
Reviewer: L.A. Ouderkirk October 28, 1993

WP #74229S.093 January 14, 1994

Review of Three Fasted In-Vivo Bioeguivalence Studies
and One Post-Prandial Bioeguivalence Study

BACKGROUND:

Nadolol is a long-acting, synthetic, non-selective beta-
adrenergic receptor blocker used to treat essential hypertension,
cardiac arrhythmia, and angina pectoris. The absorption of nadolol
from the G.I. tract is variable following oral dosing, averaging
about 30%. About 20-30% of the drug is reversibly bound to plasma
proteins. Peak blood serum concentrations are reached within one
to four hours following oral administration. The elimination half-
life is in the range of 12 to 24 hours, permitting once daily
dosing. Because nadolol is excreted unchanged primarily in the
urine, its half-life increases in patients with renal impairment.
Pharmacokinetically, the drug is described by an open, two-
compartment model. The approved labeling for the drug states that
the presence of food in the G.I. tract does not affect the rate or
extent of absorption and that nadolol may be dosed without regard
to meals. The product is marketed as oral tablets ig strengths of
20, 40, 80, 120, and 160 mg (Corgard , Princeton
Laboratories/Squibb) .

APPROVAL REQUIREMENTS:

The Office of Generic Drugs issued an in vivo bioequivalence
and in vitro dissolution guidance for nadolol tablets on 5/16/92.
This guidance states that firms seeking approval for nadolol
tablets in strengths of 20 mg, 40 mg, 80 mg, 120 mg, and 160 mg
should conduct a fasted biocequivalence study on the 160 mg strength
and a fasted and post-prandial studies on the 40 mg strength.
Provided the strengths are proportionally formulated and meet the
dissolution standards, the in vivo biocequivalence requirements for
the 20 mg, 80 mg, and 120 mg test product strengths can be waived.

SUBMISSION HISTORY:

The firm has previously submitted (11/19/92) bioequivalence
study #10334A, a two-way fasted crossover design conducted on its
160 mg strength of nadolol tablets, ANDA 74-255. This study was
reviewed by the Division and found acceptable; however, approval of
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denied pending demonstration of comparable food effect (versus
Corgard’) for either the 160 mg or 40 mg strength. If comparable
focd effect was to be demonstrated on the 40 mg strength, fasted
biocequivalence for the 40 mg tablet would also be required to be
demonstrated in order for the 160 mg, 120 mg, and 80 mg strengths
to meet the biocequivalence requirements. -

The firm subsequently submitted (5/6/93) study #10433, a single-
dose three-way in vivo food effects study conducted on the 40 mg
strength of the test product. The study was found acceptable, but
the application was not approved and the waiver request was denied
pending conduct of a fasted bioequivalence study for this strength.

In the present submissions under review, dated 10/28/93 and
1/14/94, the firm has submitted four additional in vivo
biocequivalence studies to ANDA 74-229 for the 40 mg test product:
(1) study #10333A (a two-way fasted crossover design using a 2 x 40
mg dose), (2) study #10511 (a fasted two-treatment, four-period
replicate design using a 2 x 40 mg dose), (3) study #10468 (a full,
two-treatment, two-period, post-prandial crossover design using a
2x40 mg dose), and (4) study #10591 (a fasted, two-treatment, two-
period, crossover study in 58 subjects using a 4 x 40 mg dose).

SUMMARY OF SUBMISSION HISTORY AND FDA RECOMMENDATIONS:

A summary of the submission history and recommendations for
Zenith nadolol tablets follows:

Present Studies:

No. FD
Study Type Dose Subij. Recommendation

1) 10333A Fasting 2x40 mg 35 Unacceptable
2) 10511 Fasting 2x40 mg 19 Unacceptable
3) 10468 (Full) Food 2x40 mg 36 Acceptable

4) 10591 Fasting 4x40 mg 57 Unacceptable
Past Studies:

5) 10433 (Limited) Food 2x40 mg 12 Acceptable

6) 10334A Fasted 1x160 mg 35 Acceptable

Bioequivalence Approval Status:

7) ANDA #74-255 Nadolol Tablets, 160, 120, 80 mg - Unacceptable
8) ANDA #74-229 Nadolol Tablets, 40, 20 mg - Unacceptable




PROTOCOL,_FOR STUDY #10333A: A SINGLE-DOSE, FASTING, IN=VIVO
BIOEQUIVALENCE STUDY IN 35 SUBJECTS:

A. STUDY INVESTIGATORS AND CONTRACT LABORATORY:

The bioequivalence study was conducted at

The principal
investigator was

B. STUDY OBJECTIVE:

One objective of the study was to compare the rate and extent
of absorption of the test versus the reference product under
fasting conditions to determine if the test and reference
formulations were bioequivalent.

C. STUDY DESIGN:

The study was designed as a random, two-period, two-treatment
crossover using healthy male subjects.

D. SUBJECT SELECTION CRITERIA:

Subjects selected for the study met the following acceptance
criteria:

1. Aged 19-50 years.

2. Healthy, as determined by physical examination,
medical history and clinical laboratory diagnostic
tests (blood chemistry, hematology, urinalysis).

3. No concurrent illness, acute or chronic diseases or
history of asthma, unexplained syncope, myocardial

ischemia, prostatic enlargement, bronchitis,
rhinitis, diabetes, thyroid disease, or serious
cardiovascular, renal, G.I., hepatic, or
hematopoietic disease.

4. No history of alcohol or drug abuse.

5. No allergy to nadolol/beta blockers, atropine,
epinephrine, or albuterol.

6. No evidence of hypoglycemia.

7. Normal electrocardiogram with no evidence of first
degree AV block.

8. Resting B.P. and pulse rate of at least 100/60 mmHg
and 55 bpm, respectively.

9. Weight within 15% of ideal for height (Metropolitan

Life Insurance Company Bulletin, 1983).

E. SUBJECT RESTRICTIONS:




1. No alcohol consumption beginning 24 hours prior to
dosing and lasting until 48 hours after.
2. No concurrent medication of any type.

3. No Rx or OTC drugs beginning two weeks prior to the
study.
4. Controlled diet - no xanthines beginning 24 hours

before dosing.

F. STUDY SCHEDULES:

Subjects were fasted for ten hours overnight prior to dosing.
The volunteers were randomly numbered and divided into two dosing
groups of equal number. An 80 mg (2x40 mg tablets) oral dose of
the test product was administered with 240 ml of water in order of
subject number. All of the subjects fasted until 5 hours post-
dose, when a standard lunch was served. Water ad lib was permitted
except within one hour of drug administration. Only the food
served was permitted for 24 hours after dosing. Subjects were
prohibited from smoking beginning 1 hour before dosing and lasting
until 4 hours after dosing.

Blood pressure and pulse measurements were taken pre-dose and
at 1, 2, 3, 4, 8, 12, 16, and 24 hours post-dose. Venous blood
samples (10 ml) were drawn pre-dose (0 hours) and at 0.5, 1, 1.5,
2, 2.5, 3, 4, 5, 6, 8, 12, 16, 24, 36, 48, 60, and 72 hours post-
dose. The blood samples were allowed to clot at room temperature
for 30 minutes and were then centrifuged at 10 C. The separated
serum was frozen at -20° C. within 24 minutes of centrifugation and
stored until assayed. A two-week washout period was observed
between study Phases.

G. DRUG TREATMENTS:

1. Test Treatment A: Nadolol Tablets, 2 X 40 mg, (Zenith),
Lot # ND-047, Assayed Potency (n=30) = 101.0%, Exp. Date
= 7/15/93, Lot Size =

2. Reference Treatment B: CorgardR Tablets, 2 X 40 mg,
(Princeton/Squibb), Lot # 1A61746, Assayed Potency (n=10)
= 99.1%, Exp. Date = 1/1/96

H. CLINICAL NOTES:

Of the 38 subjects enrolled in the study, 35 completed both
phases. The participation of subject #9 was discontinued for
medical reasons. Subject #17 was disqualified 10 minutes before
Phase 1 dosing and was not replaced. Subject #23 was withdrawn
from the study prior to Phase 2 dosing for failure to return to the
facility for check-in. The following schedule was observed:




Study Phase 1: October 8 - 12, 1992; Dosing date = 10/9/92
Study Phase 2: October 22 - 26, 1992; Dosing date = 10/23/92

The clinical samples were transferred from the clinic to the
laboratory on October 27, 1992. The samples were stored at -20° C.
Sample analyses were performed October 28 to November 13.

Eighteen adverse events were reported by a total of 15
subjects. Nine adverse events each were recorded for the test and
reference products; all were judged mild in severity. Fourteen of
the events were judged probably related to the study drug, one
possibly related, and four unlikely to be related.

I. ASSAY METHOD PERFORMANCE AND VALIDATION STUDY:




J. ANALYTICAL:

K. STATISTICAL ANALYSIS:

The study data were analyzed by ANOVA and the F-test to
determine statistically significant (a=0.05) differences between
treatments, dosing sequence, subjects within sequence, and days of
administration for areas under the curve (AUC) , maximum serum drug
levels (Cmax), time to maximum drug levels (Tmax), elimination
constants (Kel) and half-life values (T 1/2). ANOVA was performed
for subject serum drug concentrations at each sampling time and
included all sums of squares (Types I-IV).

The 90% confidence intervals (two, one-sided tests procedure)

were also calculated for the AUC and Cgax parameters. The
statistical analysis was performed using SAS" version 6.07 and PROC
GLM for the ANOVA. Since statistical evaluation of the 90%

confidence intervals for 1limited food-effect studies is not
required for biocequivalence determination, these data are not
discussed in this review.

L. INFORMED CONSENT AND IRB APPROVAL:

Subjects gave written, informed consent prior to their
acceptance into the study. The study protocol was reviewed and
approved by an IRB prior to its initiation.




RESULTS OF BIQEQUIVALENCE STUDY #10333A:

The results of the bioequivalence study for 35 subjects are
summarized in Tables 1 - 2 and Figure 1. The test and reference
least-squares means for AUC(0-t), AUC(inf), and Cmax differed 6.4%,
3.5%, and 9.3%, respectively. The 90% confidence intervals for the
test versus the reference products were 84-102% for LnAUC(0-t), 86~
105% for LnAUC(Inf), and 77-103% for LnCmax.

PROTOCOL FOR_STUDY #10511: A SINGLE-DOSE, FASTING, FOUR-PERIOD
REPLICATE~-DESIGN, IN VIVO

BIOEQUIVALENCE STUDY IN 19 SUBJECTS:

The protocol for study #10511 is the same as that for the study
#10333A, above, except for the following:

A. STUDY DESIGN:

The study was designed as a random, fasted, two-treatment,
four-period crossover (replicate design) using 19 healthy male
subjects.

B. STUDY SCHEDULES:

Twenty-four subjects were enrolled and there was no 72 hour
blood collection.

C. CLINICAL NOTES:

Of the 24 subjects enrolled in the study, 19 completed both
Phases. Subjects #14, #17, and #19 were withdrawn from the study
due to a positive drug screen. Subject #18 was withdrawn because
he did not wish to continue in the study. Subject #22 was
withdrawn for failure to return to the facility for Phase II. The
following schedule was observed:

Study Phase 1: April 27 - 30, 1993; Dosing date = 4/28/93

Study Phase 2: May 11 - 14, 1993; Dosing date = 5/13/93
Study Phase 3: May 25 - 28, 1993; Dosing date = 5/26/93
Study Phase 4: June 8 - 11, 1993; Dosing date = 6/26/93

The clinical samples were transferred from the clinic to the
laboratory on June 15, 1993. The samples were stored at -20 C.
Analysis took place July 6-22, 1993.

Twenty-five adverse events were reported by a total of 12
subjects. Ten adverse events were recorded for the test product
and fifteen for the reference. All were judged mild or moderate in
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D. ANALYTTICAL:

RESULTS OF BIOEQUIVALENCE STUDY #10511:

The results of bioequivalence study for 19 subjects are
summarized in Tables 3 - 4 and Figure 2. The test and reference
least-squares means for AUC(0-t), AUC(inf), and Cmax differed 3.8%,
2.2%, and 18%, respectively. The 90% confidence intervals for the
test versus the reference products were 93-101% for LnAUC(0-t), 92-
109% for LnAUC(Inf), and 96-126% for LnCmax.




PROTOCOL FOR STUDY #10468: A__STINGLE-DOSE, TWO-PERIOD, TWO-
TREATMENT, IN VIVO, POST-PRANDIAL
BIOEQUIVALENCE STUDY IN 36 SUBJECTS:

The protocol for study #10511 was the same as that for the study
#10333A, above, except for the following:

A. STUDY OBJECTIVE:

One objective of the study was to determine if the in vivo
absorption of the test and reference products was similar when the
pProducts were given immediately after a meal. A second objective
was to compare the absorption of the test product when dosed under
fed versus fasted conditions.

B. STUDY DESIGN:
The study was designed as a random, two-treatment, two-period,

post-prandial crossover using healthy male subjects.

C. STUDY SCHEDULES:

Subjects were fasted for ten hours overnight prior to dosing.
The volunteers were randomly numbered and divided into two dosing
groups of equal number.

Subjects were given 30 minutes to consume a standard breakfast
consisting of one fried egq, one buttered English muffin, one slice
of American cheese, one slice of Canadian bacon, one serving of
hash brown potatoes, 180 ml of orange juice and 240 ml of whole
milk. After an additional 5 minutes, the subjects were
administered an 80 mg oral dose (2 x 40 mg tablets) of the test or
reference product with 240 ml of water. All of the subjects fasted
until 5 hours post-dose, when a standard lunch was served. Water
ad 1ib was permitted except within one hour of drug administration.
Only the food served was permitted for 24 hours after dosing.

Blood pressure and pulse measurements were taken pre-dose and
at 1, 2, 3, 4, 8, 12, 16, and 24 hours post-dose. Venous blood
samples (10 ml) were drawn pre-dose (0 hours) and at 0.5, 1, 1.5,
2, 2.5, 3, 4, 5, 6, 8, 12, 16, 24, 36, 48, 60, and 72 hours post-
dose. The blood samples were allowed to clot %t room temperature
for 30 minutes and were then centrifuged at 10" C. The separated
serum was frozen at -20° C. within 24 minutes of centrifugation and
stored until assayed. A two-week washout period was observed
between Phase 1 and 2 dosing.

D. DRUG _TREATMENTS:

1. Test Treatment A (Fed): Nadolol Tablets, 2 X 40 mg,
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2. Reference Treatment B (Fed): CorgardR Tablets, 2 X 40
mg, (Princeton), Lot # 1A61746, Assayed Potency (n=10) =

99.1%, Exp. Date = 1/1/96

All of the subjects fasted until 5 hours post-dose, when a
standard lunch was served. Water ad lib was permitted except
within one hour of drug administration. Only the food served was
permitted for 24 hours after dosing. Subjects were prohibited from
smoking beginning 1 hour before dosing and lasting until 4 hours
after dosing.

Blood pressure and pulse measurements were taken pre-dose and
at 1, 2, 3, 4, 8, 12, 16, and 24 hours post-dose. Venous blood
samples (10 ml) were drawn pre-dose (0 hours) and at 0.5, 1, 1.5,
2, 2.5, 3, 4, 5, 6, 8, 12, 16, 24, 36, 48, 60, and 72 hours post-
dose. The blood samples were allowed to clot at room temperature
for 30 minutes and were then centrifuged at 10 C. The separated
serum was frozen at -20° C. within 24 minutes of centrifugation and
stored until assayed. A two-week washout was observed between
study Phases.

E. CLINICAL NOTES:

Of the 38 subjects enrolled in the study, 35 completed the
entire study and one, subject #9, completed all but the last four
sample collections of Phase 2. Two subjects, #2 and #37, were
withdrawn from the study prior to Phase 2 dosing for fallure to
comply with the protocol. The following schedule was observed:

Study Phase 1: February 10 - 14, 1993; Dosing date
Study Phase 2: February 24 - 28, 1993; Dosing date

2/11/93
2/25/93

The clinical samples were transferred from the clinic to the
laboratory on March 8, 1993. The samples were stored at -20° C.
Analysis took place April 2 - 27, 1993.

Twenty-three adverse events were reported by a total of
sixteen subjects. Fourteen adverse events were recorded for the
test product and nine for the reference. All were judged mild or
moderate in severity. Four of the events were judged possibly
related to the study drug, fourteen probably related, and five
unrelated.

F. ANALYTICAL:

10



G. ASSAY METHOD PERFORMANCE AND VALIDATION STUDY:

RESULTS OF IN VIVO POST-PRANDIAL STUDY #10468:

The results of the biocequivalence study for 36 subjects is
summarized in Tables 5 - 6 and Figure 3. The test and reference
least-squares means for AUC(0-t), AUC(inf), and Cmax differed 0.0%,
1.3% and 6.4%, respectively. The 90% confidence intervals for the
test versus the reference products were 93 - 104% for LnAUC(0-t),
96 - 107% for LnAUC(Inf), and 97 - 108% for LnCmax.

PROTOCOL_FOR_STUDY #10591: A _SINGLE-DOSE, FASTING, TWO-PERIOD,
IN VIVO BIOEQUIVALENCE STUDY IN §7
SUBJECTS:

The protocol for study #10591 is the same as that for the study
#10333A, above, except for the following:

A. STUDY DESIGN:

The study was designed as a random, fasted, two-treatment
crossover using two dosing groups of healthy male subjects.
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Of the 64 subjects enrolled in the study, 58 completed both
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phases. Subjects #20, #24, and #26 failed to return to the
facility for Study Phase 2. Subject #39 was withdrawn from the
study prior to Phase 2 due to an injury received during the interim

washout period between study phases. Subject #14 was withdrawn
from the study by the physician because of an elevated oral
temperature recorded prior to phase 2 dosing.- Subject #45 was

withdrawn by the physician following the 2.5 hour blood sample
collection in Phase 1 due to a vasovagal response experienced at
that time.

Dosing Group #1 (Subjects #1-#29):

Study Phase 1: October 8-11, 1993; Dosing date = 10/9/93
Study Phase 2: October 22-25, 1993; Dosing date = 10/23/93

Dosing Group #2 (Subijects #30-#64):

Study Phase 1: November 5-8, 1993; Dosing date = 11/6/93
Study Phase 2: November 19-22, 1993; Dosing date = 11/20/93

Twenty-eight subjects reported a total of 48 adverse events

during the study. Of the three judged severe, none was determined
to be related to the study medications.

B. ASSAY METHOD PERFORMANCE AND VALIDATION STUDY:
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C. ANALYTICAL:

D. STATISTICAL ANALYSIS:

Because of the relatively large number of subjects who
participated in this study, the volunteers were divided into two
separate groups who were dosed at different times (see Clinical
Notes section, above). Consequently, the statistical analysis for
this study included a sequence-by-group factor to determine if
there were any effects of dosing group on the study results.

RESULTS OF BIOEQUIVALENCE STUDY:

The results of the bioequivalence study for 57 subjects are
summarized in Tables 7 - 8 and Figure 4. The least-sguares means
for AUC(0-t), AUC(inf), and Cmax differed 2% between the test and
reference products. The 90% confidence intervals for the test
versus the reference products were 96-110% for LnAUC(0-t) and
LnAUC(Inf), and 94-115% for LnCmax.

DEFICTENCIES:

1. The fasted in vivo biocequivalence study #10333A
demonstrates that the test and reference products are absorbed to
an equivalent extent, as measured by the LnAUC 90% confidence
intervals. The rate of absorption of the test product, however,

TING ~v A Fd mm e T 2T mrcman delmam e lem i o= I -

uuuuuu Jorme et oL wawnSa waiwit bame OO0 WS JZIETENRCE, 45 idasuL cu oy

the LnCmax 90% confidence intervals.
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2. The fasted in vivo Dbioequivalence study #10511
demonstrates that the test and reference products are absorbed to
an equivalent extent, as measured by the LnAUC 90% confidence
intervals. The rate of absorption of the test product, however,
was significantly faster than that of the reference, as measured by
the LnCmax 90% confidence intervals. :

3. In the fasted in vivo biocequivalence study #10591, the
firm administered a 160 mg dose (4 x 40 mg tablets) to the study
participants, rather than the 2 x 40 mg dose used in the firm's
failed studies #10333A and #10511, without justifying this change
in study design. Though the study #10591 technically meets the
Division's 90% confidence interval criteria for AUC and Cmax,
(extent and rate of absorption), the study design is unacceptable

and the study fails to demonstrate the biocoequivalence of the firm's
40 mg nadolol tablets as follows:

a.) The firm has twice failed to establish the biocequivalence
of its 40 mg nadolol tablet when given as 2 x 40 mg oral doses.

b.) The kinetics of nadolol have not been shown to be linear
at oral doses exceeding 80 mg.

c.) Based on (a) and (b), above, the study #10591 fails to

demonstrate the bioequivalence of the firm's 40 mg tablets at
dosing levels of 2 x 40 mg or lower.

RECOMMENDATIONS:

1. The fasted in vivo bioequivalence studies #10333A, #10511, and
#10591, conducted by Zenith Laboratories, Inc., on its nadolol
tablets, 40 mg,_ 1lot #ND-047, versus the listed reference

product, Corgard Tablets, 40 mg, Lot #1A61746, manufactured

Yav Thra s v a e aea L I P - = - PRl . - -t T Y -
T s AeemSevil ugddas, LLdVE LSED1 L JUnNd wiacCepiauvlie vy che

Division of Bioequivalence for the reasons stated in the
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Deficiencies, above.

2. The post-prandial in vivo biocequivalence study #10468,
conducted by Zenith Laboratories on its nadolol tablets, 40 ng,
lot #ND-047, versus the listed reference product, Corgard
Tablets, 40 mg, Lot #1A61746, manufactured by Princeton/Squibb,
has been found acceptable. The study demonstrates that Zenith's
nadolol tablets, 40 mg, are absorbed at a rate and to an extent
equivalent to that of the reference product, when both are dosed
under post-prandial conditions.

3. From the Bioequivalence viewpoint, the firm has not met
the in vivo biocequivalence requirements for its nadolol tablets,
40 mg and the ANDA 74-229 is unacceptable.

The firm should be advised of the Deficiencies, Comments,
and Recommendations, above.

N &/30/ 94
Larry A. Ouderkirk

Division of Bioequivalence
Review Branch 1

N —
RD INITIALED ATWU \\\
FT INITIALED ATWU Y )
v
Concur: Date: 8%2«3/74-

Ramakant My»-Mhatre, Ph.D.
Acting Director, Division of Biocequivalence

cc: ANDA 74-255 (original, duplicate), HFD-600 (Hare), HFD-630,
HFC-130 (JAllen), HFD-344 (CVishwanathan), HFD-652 (Wu,
Ouderkirk), Drug File, Division File
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TABLE 1

IN VIVO FASTED BIOEQUIVALENCE STUDY #10333A

ARITHMETIC MEAN NADOLOL SERUM CONCENTRATIONS (NG/ML)

urs

12

16

24

36

48

60

72

(C.V.%)

IN 35 SUBJECTS FOLLOWING A 2X40 MG DOSE

Test Product Reference Product T/R
0.0 0.0 -—
26.4 (70)° 15.4 (66) 1.71
65.0 (62) 64.4 (65) 1.01
80.1 (58) 82.3 (63) 0.97
94.2 (52) 94.4 (57) 1.00
105 (50) 113  (53) 0.93
114  (47) 119 (48) 0.96
111  (56) 126 (43) 0.88
104 (54) 115 (45) 0.90
87.4 (47) 93.4 (43) 0.94
68.7 (40) 72.6 (38) 0.95
50.7 (39) 54.1 (36) 0.94
39.1 (38) 41.9 (36) 0.93
29.0 (35) 30.7 (33) 0.94
15.9 (40) 16.5 (41) 0.96
8.94 (61) 9.57 (59) 0.93
2.75 (157) 4.61 (92) 0.60
2.35 (396) 1.26 (210) 1.87




TABLE 2

A. PHARMACOKINETIC LEAST SQUARES MEANS (STD. ERROR)

FASTED STUDY #10333A IN 35 SUBJECTS, 2X40 MG DOSE
Parameter Test Product Reference Product T/R
AUC(0-T) [(ng/mlxhr) 1853 (77) 1979 (77) 0.94
AUC(0-®) [ng/mlxhr] 2070 (87) 2145 (87) 0.97
Cmax [ng/ml) 138 (8.0) 152 (8.0) 0.91
Tmax [Hrs.) 3.13 (0.16) ' 3.45 (0.16) 0.91
T1/2 [Hrs.) 15.4 (0.285) 15.5 (0.275) 0.99
Kel [Hr ') 0.0481 (0.00088) 0.0478 (0.00088) 1.01
B. PHARMACOKINETIC ARITHMETIC MEANS (C.V.%)

Parameter Test Product Reference Product T/R
AUC(0-T) [ng/mlxhr) 1856 (39) 1989 (37) 0.94
AUC(0-®) [ng/mlxhr] 2070 (39) 2154 (36) 0.97
Cmax [ng/ml) 139 (43) 153 (39) 0.91
Tmax [Hrs. ] 3.10 (43) 3.44 (32) 0.91
T1/2 ([Hrs.) 15.3 (26) 15.5 (25) 0.99
Kel ([Hr ') 0.0483 (27) 0.0477 (26) 1.01
C. 90% CONFIDENCE INTERVALS

Parameter 90% Confidence Interval’

Ln AUC(0-T) [ng/ml x hr] 84 - 102%

Ln AUC(0-») [ng/ml x hr) 86 - 105%

Ln Cmax [ng/ml) 77 - 103%

" confidence Iitervals Verilied Ly Reviewer
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TABLE 2

AaA. PHARMACOKINETIC LEAST SQUARES MEANS (STD. ERROR)

FASTED STUDY #10333A IN 35 SUBJECTS, 2X40 MG DOSE
Parameter Test Product Reference Product T/R
AUC(0-T) [ng/mlxhr] 1853 (77) 1979 (77) 0.94
AUC(0-x) [ng/mlxhr] 2070 (87) 2145 (87) 0.97
Cmax [ng/ml] 138 (8.0) 152 (8.0) 0.91
Tmax [Hrs.)] 3.13 (0.16) 3.45 (0.16) 0.91
T1l/2 [Hrs.) 15.4 (0.285) 15.5 (0.275) 0.99
Kel [Hr ') 0.0481 (0.00088) 0.0478 (0.00088) 1.01
;? ----------- é;;;;;;g;;gggag;;;5;;;;5;;;;;;;;-&532;5 -------------
Parameter Test Product Reference Product T/R
AUC(0-T) [ng/mlxhr) 1856 (39) 1989 (37) 0.94
AUC(0-») [ng/mlxhr) 2070 (39) 2154 (36) 0.97
Cmax {ng/ml] 139 (43) 153 (39) 0.91
Tmax [Hrs. ] 3.10 (43) 3.44 (32) 0.91
T1l/2 (Hrs.] 15.3 (26) 15.5 (25) 0.99
Kel [Hr '] 0.0483 (27) 0.0477 (26) 1.01
c. 90% CONFIDENCE INTERVALS
Parameter 90% Confidence Interval
Ln AUC(0-T) [ng/ml x hr) 84 - 102%

Ln AUC(0-«) [ng/ml x hr] 86 - 105%
Ln Cmax [ng/ml) 77 - 103%

*

Confidence Intervals Verified by Reviewer
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TABLE 3

IN VIVO FOUR-PERIOD FASTED BIOEQUIVALENCE STUDY #10511
ARITHMETIC MEAN NADOLOL SERUM CONCENTRATIONS (NG/ML)
2 X 40 MG DOSE ADMINISTERED TO 19 SUBJECTS

Hours Test Product Reference Product T/R
0 0.0 0.0 ~—
0.5 34.9 (46) 20.8 (35) 1.68
1 85.5 (33) 74.7 (30) 1.14
1.5 100 (44) 101 (35) ’ 0.99
2 108  (37) 110 (34) 0.98
2.5 121 (49) 115  (32) 1.05
3 150 (83) 121 (32) 1.24
4 150 (62) 124 (45) 1.21
6 108 (49) 100 (32) 1.08
8 83.1 (43) 79.4 (25) 1.05
12 59.9 (36) 57.1 (25) 1.05
16 46.5 (35) 43.6 (28) 1.07
24 32.2 (33) 31.5 (23) 1.02
36 17.2 (27) 18.9 (23) 0.91
48 9.73 (31) 11.4 (37) 0.85
60 2.75 (157) 6.00 (65) 0.46
(C.V.%)
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FASTED FOUR-PERIOD BIOEQUIVALENCE STUDY #10511
A. PHARMACCKINETIC LEAST SQUARES MEANS (STD. ERROR)
2 X 40 MG DOSE ADMINISTERED TO 19 SUBJECTS

TABLE 4

Parameter _ Test Product Reference Product T/R
AUC(0-T) [ng/mlxhr) 2211 (86) 2130 (85) 1.04
AUC(0-®) [ng/mlxhr] 2415 (93) 2362 (91) 1.02
Cmax [ng/ml] 189 (12) 160 (12) 1.18
Tmax ([Hrs.) 2.90 (0.17) 3.14 (0.16) 0.92
T1/2 [Hrs.) 14.7 (0.536) 16.8 (0.528) 0.88
Kel [Hr '] 0.0499 (0.00125) 0.0444 (0.00124) 1.12
;? ----------- é;;;;;;;;;;;;&;;;5;;;;;5;;;;;;;;.&;3225 -------------

N=19 SUBJECTS
Parameter Test Product Reference Product T/R
AUC(0-T) [ng/mlxhr] 2150 (38) 2084 (25) 1.03
AUC(0-) [ng/mlxhr] 2352 (35) 2316 (25) 1.02 |
Cmax [ng/ml] 183 (66) 155 (34) 1.18 |
Tmax [Hrs.) 2.88 (36) 3.11 (40) 0.93 ‘
T1/2 [Hrs.) 14.8 (24) 16.9 (20) 0.88
Kel [Hr '] 0.0498 (23) 0.0441 (24) 1.13
C. 90% CONFIDENCE INTERVALS

N=19 SUBJECTS
Parameter 90% Confidence Interval'
Ln AUC(0-T) [ng/ml x hr) 93 - 111%
Ln AUC(0-») [ng/ml x hr] 92 - 109%
Ln Cmax [ng/ml) 96 - 126%

Confidence Intervals Verified by Reviewer
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TABLE S

MEAN NADOLOL SERUM CONCENTRATIONS (NG/ML)
POST~PRANDIAL STUDY #10468
2 X 40 MG DOSE ADMINISTERED TO 36 SUBJECTS

Hours Test Product Reference Product T/R
0 0.0 0.0 -
0.5 1.99 (233) 0.42 (428) 4.76
1 23.4 (21) 17.5 (84) 1.34
1.5 54.0 (66) 49.4 (45) . 1.09
2 72.5 (58) 68.0 (38) 1.07
2.5 78.2 (49) 74.7 (37) 1.05
3 80.8 (44) 79.2 (38) 1.02 ;
4 73.9 (43) 72.7 (39) 1.02 j
5 62.9 (39) 64.6 (38) 0.97
6 54.8 (35) 55.8 (35) 0.98
8 49.6 (29) 49.3 (30) 1.01
12 39.9 (30) 40.1 (30) 1.00
16 32.3 (27) 31.8 (29) 1.02
24 23.9 (33) 24.3 (31) 0.98
36 14.3 (41) 13.8 (42) 1.04
48 7.94 (61) 7.84 (65) 1.01
60 4.04 (120) 4.09 (135) 0.99
72 1.31 (210) 1.50 (198) 0.87
(C.V.%)
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TABLE 6

POST-PRANDIAL STUDY #10468

A. PHARMACOKINETIC LEAST SQUARES MEANS (STD. ERROR)

N=36 SUBJECTS
Parameter , Test Product Reference Product T/R
AUC(0-T) [ng/mlxhr] 1410 (27) 1408 (34) 1.00
AUC(0-w) [ng/mlxhr) 1603 (33) 1581 (34) 1.01
Cmax [ng/ml) 90.6 (2.27) 85.1 (2.27) 1.06
Tmax [Hrs. ) 2.99 (0.166) 2.96 (0.166) 1.01
T1/2 (Hrs.) 17.4 (0.443) ©17.0 (0.456) 1.02
Kel ([Hr''j 0.0420 (0.00124) 0.0437 (0.00128) 0.96
B. 1 PHARMACOKINETIC ARITHMETIC MEANS (C.v.%)

N=36 SUBJECTS
Parameter Test Product Reference Product T/R
AUC(0-T) [ng/mlxhr] 1410 (36) 1408 (25) 1.00
AUC(0-) [ng/mlxhr] 1603 (32) 1579 (32) 1.02
Cmax [ng/ml] 90.6 (45) 85.1 (34) 1.06
Tmax [Hrs.] 2.99 (40) 2.96 (31) 1.01
T1/2 [Hrs.] 17.4 (24) 17.0 (26) 1.02
Kel [Hr ) 0.0420 (22) 0.0437 (27) 0.96
C. 90% CONFIDENCE INTERVALS

N=36 SUBJECTS
Parameter 90% Confidence Interval"
Ln AUC(0-T) (ng/ml x hr] 93 - 104%
Ln AUC(0-) [ng/ml x hr) 96 - 107%
Ln Cmax [ng/ml) 97 - 108%

Confidence Intervals Verified by Reviewer
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TABLE 7

MEAN NADOLOL SERUM CONCENTRATIONS (NG/ML)
FASTING STUDY #10591
2 X 40 MG DOSE ADMINISTERED TO 57 SUBJECTS

Hours Test Product Reference Product T/R
0 0.0 0.134 -—
0.5 59.1 (62) 42.0 (78) 1.41
1 166 (87) 129 (60) 1.29
1.5 225 (62) 205  (71) . 1.10
2 288 (68) 267 (71) 1.08
2.5 323 (57) 336 (62) 0.96
3 347 (57) 373 (57) 0.93
4 354 (59) 352 (58) 1.01
5 304 (52) 324 (59) 0.94
6 257 (53) 255 (52) 1.01
8 187 (41) 187 (46) 1.00
12 137  (43) 132 (41) 1.04
16 105 (39) 101 (39) 1.04
24 74.0 (49) 71.6 (42) 1.03
36 36.9 (40) 37.7 (52) 0.98
48 22.1 (55) 20.8 (50) 1.06
60 11.4 (60) . 10.5 (64) 1.09
(C.V.%)
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TABLE 8

STUDY #10591
aA. PHARMACOKINETIC LEAST SQUARES MEANS (STD. ERROR)

N=57 SUBJECTS
Parameter Test Product Reference Product T/R
AUC(0-T) [ng/mlxhr] 5070 (141) 4985 (141) 1.02
AUC(0~x) [ng/mlxhr] 5337 (143) 5249 (143) 1.02
Cmax (ng/ml} 472 (19.7) 462 (19.7) 1.02
Tmax [Hrs.] 3.27 (0.132) 3.40 (0.132) 0.96
T1/2 ([Hrs.)] 14.2 (0.265) 14.1 (0.265) 1.01
Kel [Hr'j 0.0515 (0.00079) 0.0517 (0.00079) 1.00
B. PHARMACOKINETIC ARITHMETIC MEANS (C.V.%)

N=57 SUBJECTS
Parameter Test Product Reference Product T/R
AUC(0-T) [ng/mlxhr] 5086 (40) 4983 (42) 1.02
AUC(0-») [ng/mlxhr] 5350 (40) 5248 (40) 1.02
Cmax (ng/ml] 474 (50) 463 (51) 1.02
Tmax [Hrs. ] 3.28 (34) 3.39 (37) 0.97
Tl1/2 [Hrs.) 14.1 (25) 14.1 (26) 1.00
Kel [Hr' ') 0.0516 (21) 0.0517 (21) 1.00
C. 90% CONFIDENCE INTERVALS

N=57 SUBJECTS
Parameter 90% Confidence Interval’
Ln AUC(0-T) (ng/ml x hr] 96 - 110%
Ln AUC(0-») [ng/ml x hr] 96 - 110%
Ln Cmax [ng/ml] 94 - 115%

*

Confidence Intervals Verified by Reviewer
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